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THE  INFLUENCE  UPON  TADPOLES  OF  FEEDING 

DESICCATED  THYROID  GLAND  IN  VARIABLE 

AMOUNTS  AND  OF  VARIABLE  IODINE 

CONTENTS. 

By  C.  H.  LENHART,  M.D. 

(From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of  Western 
Reserve  University,  Cleveland.) 

Plate  78. 

(Received  for  publication,  July  2,  1915) 

In  1912  and  1914  Gudernatsch^  reported  his  studies  of  the 
variable  effects  upon  the  growth  and  differentiation  of  tadpoles  pro- 
duced by  feeding  different  kinds  of  animal  tissues,  such  as  thyroid, 
thymus,  muscle,  pancreas,  liver,  testicle,  etc.  His  most  striking 
findings  were  that  thyroid  feeding  hastened  the  differentiation  of 
the  tadpoles,  at  the  same  time  inhibiting  their  growth,  so  that  he  was 
able  to  obtain  pigmy  frogs;  and  that  thymus  feeding  prevented  or 
delayed  their  differentiation  but  favored  their  growth,  so  that  giant 
tadpoles  resulted.  He  used  fresh  tissues,  and,  in  the  case  of  the  thy- 
roid, without  determining  the  amount  of  iodine  present. 

In  view  of  the  known  relations  of  iodine  to  thyroid  activity,  it 
seemed  probable  that  the  iodine  content  of  the  thyroid  fed  might 
also  modify  its  effect  on  tadpoles.  \Mth  this  in  view  a  supply  of 
tadpoles  was  brought  to  the  Laboratory  on  May  9,  19 14.  These 
tadpoles  were  of  uniform  size,  and  their  age  was  estimated  at  about 
one  week. 

The  stock  tadpoles  were  kept  in  large  granite  baking  dishes. 
Those  used  for  experimental  observations  were  kept  in  small  granite 
basins  of  about  200  cc.  capacity,  in  which  were  placed  a  few  small 
stones.     The  water  in  all  the  basins  was  completely  changed  twice 

1  Gudernatsch,  J.  F.,  Feeding  Experiments  on  Tadpoles.  1.  The  Influence  of 
Specific  Organs  Given  as  Food  on  Growth  and  Differentiation,  Arch.  f.  Entwck- 
Ingsmechn.  d.  Organ.,  1912-13,  xxxv,  457;  Feeding  Experiments  on  Tadpoles. 
II.  A  Further  Contribution  to  the  Knowledge  of  Organs  with  Internal  Secretion, 
Am.  Jour.  Anat.,  ioi3-i4.  xv,  431. 
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daily.  The  experimental  basins  were  kept  on  tables  in  the  middle  of 
a  large  room,  so  that  all  would  be  exposed  to  similar  light  and  tem- 
perature conditions.  The  room  temperature  was  recorded  every 
afternoon.  After  a  few  changes  by  way  of  trial,  it  was  decided 
to  feed  the  stock  with  fresh  hog's  liver  every  day,  while  the  ex- 
perimental animals  were  fed  liver  and  thyroid  on  alternate  days. 
The  liver  was  cut  up  into  small  pieces,  but  not  crushed.  In  the  earlier 
experiments  the  liver  v/as  put  into  the  basins  in  the  forenoon  and 
left  till  late  in  the  afternoon,  but  this  was  abandoned  because  on  hot 
days  there  was  evidence  of  fermentation  or  putrefaction  which  led 
to  the  death  of  some  of  the  tadpoles.  The  plan  of  allowing  the  liver 
to  remain  in  the  basins  for  one  hour  and  then  changing  the  water 
eliminated  this  danger  even  in  the  hottest  weather.  The  thyroid  was 
fed  in  the  form  of  dried  powder,  in  each  case  the  iodine  content 
having  been  previously  determined  by  Dr.  Marine.  In  the  earlier 
experiments  ten  tadpoles  were  placed  in  each  dish,  with  about  200 
cc.  of  city  tap  water.  Later  but  five  tadpoles  were  placed  in  this 
quantity  of  water.  Beyond  taking  photographs  of  the  several  series, 
no  objective  measurements  were  made  of  the  changes  produced. 

The  questions  particularly  studied  may  be  summarized  as  follows  : 
First,  the  effect  upon  both  growth  and  differentiation  of  non- thyroid 
iodine;  e.  g.,  potassium  iodide  and  iodalbin  (Parke,  Davis  &  Co.). 
Second,  the  effect  of  thyroid  feeding;  (a)  feeding  constant  amounts 
of  a  series  of  desiccated  thyroids  containing  progressively  increasing 
percentages  of  iodine;  (b)  feeding  different  quantities  of  one  par- 
ticular thyroid;  (c)  feeding  thyroid  obtained  from  different  species 
of  animals.  Third,  an  attempt  to  counteract  the  effect  of  the  thyroid 
feeding  by  keeping  the  tadpoles  exposed  to  cold,  by  the  use  of  cracker 
dust,  quinine,  egg  white,  tgg  yolk  (both  cooked  and  uncooked),  and 
tgg  yolk  extracted  with  acetone. 

It  may  at  once  be  stated  that  the  effect  of  the  potassium  iodide 
solutions  was  negative.  As  to  iodalbin,  the  results  were  indefinite. 
The  animals  showed  early  tail  absorption,  and  most  of  them  showed 
some  emaciation  at  the  time  of  their  death;  but  they  all  developed 
some  disease  resembling  a  general  body  edema.  Iodalbin  contains 
about  21  per  cent  of  iodine  so  loosely  bound  that  the  toxic  effects 
from  free  iodine  had  to  be  considered,  and  hence  these  results  can- 
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not  be  accepted  as  suggesting  a  thyroid-like  action  for  iodalbin. 
Since  these  observations  were  made  Morse^  has  published  posi- 
tive results  from  artificially  iodized  proteins,  and  states  that  the 
effect  is  comparable  to  that  produced  by  thyroid  iodine.  Further 
observations  must  be  made  before  this  can  be  accepted,  since  there 
is  no  conclusive  evidence  that  artificially  iodized  proteins  exhibit  an 
iodothyreoglobulin-like  action. 

The  effect  of  thyroid  feeding  was  very  marked  and  closely  asso- 
ciated with  both  the  iodine  content  and  the  amount  fed.  The  details 
will  be  exhibited  later. 

As  to  factors  protecting  against  the  effect  of  thyroid  feeding,  only 
two  were  found  which  were  certain  in  their  action ;  namely,  exposure 
to  cold  and  feeding  carbohydrate  in  the  form  of  cracker  dust. 

We  may  now  examine  more  in  detail  the  positive  results. 

The  Effect  of  Thyroid  Feeding. 

Preparations  of  desiccated  thyroid  from  human,  canine,  sheep, 
and  ox  glands  were  used.  The  human  thyroids  were  obtained  from 
Dr.  Crile's  clinic  and  include  simple  and  exophthalmic  goitres.  All 
acted  alike  qualitatively.  The  sheep  and  ox  glands  available  were 
too  few  to  furnish  an  extended  series  of  experiments,  and  may  be 
dismissed  from  present  consideration  with  the  statement  that  there 
is  no  reason  to  believe  that,  with  the  material  available,  one  could 
not  get  as  gradated  a  series  of  results  as  we  shall  show  can  be  gotten 
by  the  use  of  desiccated  dog  thyroid.  \\'ith  human  glands  a  grad- 
ated series  of  effects  was  obtained,  but  it  was  not  so  sharp  as  with 
dog's  thyroid.  This  is  to  be  expected  because  of  so  many  unknown 
factors  in  the  life  history,  treatment,  etc.  Then,  too,  some  of  the 
thyroids  had  been  in  lo  per  cent  formalin  for  a  day  or  two  before 
desiccation.  As  regards  the  effect  of  formalin  one  can  only  state 
that  it  does  not  destroy  the  thyroid  effect. 

As  examples  of  the  experimental  findings,  the  following  pro- 
tocols are  exhibited. 

Series  I,  Dog  Thyroid.— Dishes  i,  2,  and  3.  The  tadpoles  in  this  experiment 
received  50  mg.  respectively  of  three  thyroids  whose  iodine  contents  were  0.05, 

2  Morse,  M.,  The  Effective  Principle  in  Thyroid  Accelerating  Involutions  in 
Frog  Larvae,  Jour.  Biol.  Chem.,  1914,  xix,  421. 
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1.40,  and  2.92  mg.  of  iodine  per  gm.  of  dried  thyroid.  This  dosage  was  given 
every  other  day,  as  in  all  other  experiments,  unless  otherwise  indicated.  The 
feeding  was  started  May  16.  No  liver  was  fed  in  this  case  after  the  thyroid 
was  started.  The  tadpoles  in  Dish  3  were  all  dead  as  early  as  15  days,  and  in 
Dish  2  in  II  days.  These  were  instances  of  high  iodine  contents.  Four  of  the 
tadpoles  in  Dish  i,  receiving  thyroid  of  low  iodine  content,  were  living  and 
active  as  late  as  Aug.  3 — 79  days — when  the  experiment  was  terminated.  These 
tadpoles  were  about  the  size  of  the  controls,  but  more  differentiated,  presenting 
formed  (jointed)  hind  legs.  Those  in  Dishes  2  and  3  died  early,  were  much 
emaciated,  and  only  slightly  differentiated  as  compared  with  the  controls. 

Series  I,  Dog  Thyroid. — Dishes  4,  5,  and  6.  This  experiment  is  the  exact 
duplicate  of  the  previous  one,  except  that  liver  was  fed  on  alternate  days.  The 
tadpoles  in  Dish  6  were  all  dead  in  10  days,  and  in  Dish  5  in  2  days, — instances 
again  of  early  death  after  feeding  with  thyroid  of  high  iodine  content.  Those 
in  Dish  4,  getting  low  iodine  thyroid,  showed  one  tadpole  still  alive  and  active 
after  79  days.  The  tadpoles  in  this  dish  developed  functional  hind  legs,  were 
of  large  size,  and  had  long,  well  preserved  tails.  Compared  with  the  controls 
they  showed  no  emaciation,  but  marked  differentiation.  They  were  larger  than 
those  in  Dish  i,  perhaps  due  to  the  liver  feeding.  In  contrast,  the  tadpoles  in 
Dishes  5  and  6,  getting  high  iodine  thyroid,  died  early,  with  much  emaciation 
and  before  there  was  time  for  much  differentiation.  The  emaciation  was  ex- 
treme.    They  literally  melted  down,  the  tails  rapidly  disappearing. 

Series  I,  Dog  Thyroid. — Dishes  7,  8,  and  9.  Here  conditions  were  the  same 
as  in  the  first  and  second  experiments  above,  except  that  the  thyroid  was  given 
only  twice.  The  tadpoles  in  Dishes  8  and  9,  receiving  high  iodine  thyroid,  were 
all  dead  in  16  and  10  days,  respectively,  while  those  in  Dish  7,  getting  low  iodine 
thyroid,  were  not  all  dead  till  57  days  had  passed.  Those  in  Dishes  8  and  9 
were  the  more  emaciated.  Differentiation  was  not  especially  affected  in  any. 
This  experiment  shows  that  only  two  doses  of  thyroid  of  a  certain  iodine 
strength  will  initiate  emaciation  and  lead  to  early  death,  the  effect  being  more 
marked  in  the  case  of  thyroids  with  higher  iodine  contents.  Gudernatsch  also 
observed  that  one  feeding  with  thyroid  was  sufficient  to  induce  the  emaciation 
and  death. 

Series  II,  Dog  Thyroid. — In  this  experiment  a  series  of  thyroids  containing 
respectively  0.05,  0.08,  0.18,  0.54,  0.71,  and  1.40  mg.  (Figs,  i  to  6)  of  iodine  were 
fed  in  50  mg.  doses  every  other  day,  beginning  May  23.  Liver  was  given  on 
alternate  days.  As  early  as  four  days  the  series  as  a  whole  showed  a  progressive 
decrease  in  size  and  activity  in  proportion  as  the  iodine  percentage  increased. 
Within  five  days  a  most  remarkable  difference  was  seen,  from  large  active  tad- 
poles in  Dish  i,  getting  the  thyroid  of  lowest  iodine  content,  to  markedly  ema- 
ciated, inert,  and  highly  metamorphosed  tadpoles  in  the  dish  getting  the  highest 
iodine  thyroid.  At  the  end  of  72  days  there  was  one  tadpole  living  in  each  of 
the  first  three  dishes.  All  were  dead  in  Dishes  4  and  5  within  19  days,  and  in 
Dish  6  all  were  dead  within  11  days.  The  number  of  days  that  intervened  before 
the  first  tadpole  died  in  each  dish  of  the  series  ran  as  follows:  8  (accidental), 
52,  33,  17,  9,  and  5  days.  For  the  second  dead  in  each  dish  the  figures  ran:  54, 
54.  35.  19,  II.  and  7  days.  For  the  third  dead:  59,  68,  41,  15,  and  11  days.  This 
clearly  shows  that  the  death  rate  parallels  the  iodine  contents.     As  to  differentia- 
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tion  the  notes  cannot  be  given  in  detail,  but  by  way  of  summary  it  may  be  stated 
that  the  tadpoles  getting  high  iodine  thyroid  (Dishes  4  5.  and  6)  emaciated  so 
rapidly  and  died  so  soon  that  little  differentiation  took  place.  In  41  days  the 
tadpoles  in  Dish  i  had  formed  hind  legs  and  were  larger  than  the  controls ;  i.  e., 
they  showed  marked  differentiation  together  with  growth  instead  of  emaciation. 
On  the  same  date  the  tadpoles  in  Dish  2  showed  formed  hind  legs,  but  were 
smaller  than  those  in  Dish  i,  while  those  in  Dish  3  compared  in  every  way  with 
the  controls.  The  final  result  then  seems  to  be  a  balance  between  the  tendency 
to  emaciation  and  to  hastened  differentiation,  and  all  degrees  of  differentiation 
may  be  associated  with  all  degrees  of  size.  Gudernatsch's  more  uniform  results 
were  undoubtedly  due  to  using  thyroid  of  more  constant  or  high  iodine  content. 

As  previouslj-  stated,  experiments  were  also  made  in  which  the  quantity  of  a 
particular  thyroid  fed' was  varied;  e.  g.,  feeding  in  10,  20,  30,  40,  and  50  mg. 
doses  of  some  one  particular  thyroid.  The  first  experiment  of  this  kind  to  be 
reported  is  Series  IV,  where  a  dog  thjroid  containing  1.40  mg.  of  iodine  per 
gm.  of  dried  gland  was  fed  beginning  June  i.  The  number  of  daj's  when  all 
were  dead  ran,  respective  to  the  increasing  amounts  given,  20,  10,  8,  7,  8. 
Emaciation  was  very  rapid  and  marked  in  all,  so  much  so  that  in  the  larger 
doses  there  was  little  time  for  any  differentiation.  The  tadpoles  in  Dish  i,  on 
the  other  hand,  getting  only  10  mg.  of  thyroid,  proceeded  within  14  days  to  the 
formation  of  front  and  hind  legs,  large  frog  mouth,  and  prominent  eyes. 

Series  VII,  Dog  Thyroid. — Here  as  in  the  previous  experiment  increasing 
doses  were  given  of  a  thyroid  containing  only  0.54  mg.  of  iodine.  Here  the 
number  of  daj-s  within  which  all  were  dead  were  32,  37,  ^j,  39,  and  42,  not  very 
strikingly  different.  Emaciation  was  of  little  consequence  in  this  series,  and 
death  was  probably  largely  due  to  advanced  differentiation,  which  was  hastened 
in  all  as  compared  with  the  controls. 

On  the  whole,  the  experiments  of  varj-ing  the  quantity  of  thyroid  fed  are  not 
nearly  as  clear  cut  as  those  where  the  iodine  percentage  was  varied.  I  feel, 
however,  that  it  is  only  a  matter  of  obtaining  a  thyroid  of  suitable  iodine  content 
and  arranging  the  quantities  fed  in  a  suitably  gradated  series,  in  order  to  get  a 
well  gradated  series  of  effects. 

The  Protective  Effect  of  Feeding  Cracker  Dust. 

Series  VIII,  Human  Thyroid. — In  conjunction  with  some  experiments  on  the 
possible  inhibiting  effect  of  quinine  on  metabolism,  the  following  experiment  was 
made.  One  group  was  fed  cracker  dust  in  addition  to  the  regular  liver  feeding, 
and  the  other  liver  alone.  Both  groups  received  50  mg.  of  human  thyroid  with 
an  iodine  content  of  2.58  mg.  per  gm.  of  dried  gland,  every  second  day,  begin- 
ning June  16.  Dates  of  death  were  of  little  importance  in  this  case,  as  they 
were  mosth-  due  to  drowning  on  account  of  the  high  degree  of  differentiation 
reached.  The  tadpoles  receiving  cracker  dust  became  large  and  acquired  func- 
tioning hind  legs,  front  legs,  and  frog-shaped  bodies.  Those  receiving  no 
cracker  dust  were  smaller,  had  formed  hind  legs,  but  no  front  legs ;  on  the  whole 
they  were  more  nearly  like  tadpoles,  the  first  more  like  frogs.  Both  sets  were 
larger  than  the  controls. 

Series  XI  and  XII  received  every  other  day  dog  thyroid  with  an  iodine  con- 


744      Influence  of  Desiccated  Thyroid  Gland  upon  Tadpoles. 

tent  of  1.40  mg.  Each  series  was  divided  into  5  dishes  getting  10,  20,  30,  40,  and 
50  mg.  of  thyroid,  respectively,  beginning  June  30.  Series  XI  got  cracker  dust 
every  second  day  alternately  to  the  thyroid  feeding.  Within  8  days  the  cracker 
series  showed  a  very  distinct  progressively  increasing  emaciation,  proportional 
to  the  increasing  amounts  of  thyroid  fed.  This  bears  out  the  previous  experi- 
ments on  the  eflfect  of  variable  quantity  of  thyroid.  As  early  as  the  sixth  day 
the  other  group,  not  getting  cracker,  showed  a  marked  absorption  of  tails  with 
decreased  activity,  while  on  the  seventh  day  the  disparity  between  the  two 
groups  was  exceedingly  well  marked.  All  the  non-cracker  group  were  like  small 
round  balls  with  short  conical  tails.  Owing  to  the  severity  of  the  reaction  there 
was  not  much  difference  between  the  different  members  of  this  group.  The 
death  dates  show  a  marked  shortening  of  life  in  the  group  not  receiving  cracker. 
We  may  conclude  then  that  the  feeding  of  cracker  dust  delays  the  tendency  of 
thyroid,  when  sufficiently  active,  to  hasten  death  and  also  tends  to  prevent 
emaciation. 

The  Protective  Effect  of  Exposure  to  Cold. 
Believing  that  the  effects  thus  far  observed  were  largely  due  to  the 
well  known  pharmacological  action  of  thyroid  of  increasing  metab- 
olism, it  was  thought  this  action  might  be  lessened  by  exposing  the 
tadpoles  to  a  lower  temperature.  Being  cold-blooded  animals,  this 
would  tend  to  lower  their  metabolism.  With  this  in  mind  the  fol- 
lowing experiments  were  made. 

Series  V,  Dog  Thyroid. — To  ten  tadpoles  kept  in  a  refrigerator  were  given 
every  second  day  50  mg.  of  a  thyroid  (dog)  containing  1.40  mg.  of  iodine,  which 
had  by  previous  experiments  been  shown  to  have  a  marked  effect.  The  first  dose 
was  given  on  June  i.  All  the  tadpoles  were  dead  in  27  days,  while  of  the  con- 
trols kept  at  room  temperature  all  were  dead  in  9  days.  The  controls  became 
markedly  emaciated.  Those  on  ice  became  emaciated  toward  the  end  ;  but  earlier, 
while  the  controls  were  still  living,  they  were  distinctly  larger  and  less  emaciated 
than  the  controls.  Gradually  their  tails  became  absorbed,  their  bodies  smaller, 
hind  and  front  legs  developed  along  with  a  frog  facies,  so  that  shortly  before 
death  they  were  small  but  well  differentiated ;  i.  e.,  really  pigmy  frogs.  The 
controls  emaciated  so  rapidly  that  there  was  little  differentiation. 

Series  VIII,  Human  Thyroid. — These  tadpoles  were  fed  cracker  dust  every 
second  day  in  addition  to  the  regular  liver  feeding,  and  were  given  every  second 
day  50  mg.  of  a  thyroid  containing  2.58  mg.  of  iodine.  Thyroid  was  started  on 
June  16.  One  dish  was  kept  on  ice,  one  at  room  temperature.  Of  those  on  ice 
four  were  still  living  at  the  end  of  49  days,  when  the  experiment  was  terminated, 
while  all  of  those  kept  at  room  temperature  were  dead  in  28  days.  Those  on 
ice  were  of  good  size,  with  well  preserved  tails  and  slight  hind  leg  buds  at  the 
last  date  of  observation,  Aug.  3.  Those  kept  at  room  temperature,  compared  on 
the  same  dates  with  those  on  ice,  were  always  larger.  Also  their  differentiation 
went  much  further,  in  that  they  developed  functioning  hind  legs,  front  legs,  and 
frog-shaped  body  and  head.  And  while  they  died  earlier,  death  was  not  due  to 
emaciation  but  to  drowning,  owing  to  their  complete  differentiation. 
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We  may  interpret  this  experiment  as  follows  :  At  room  temperature  the  stimu- 
lation of  metabolism  by  this  particular  thyroid  was  not  sufficient,  in  the  presence 
of  a  more  sufficient  food  supply  (cracker),  to  lead  to  emaciation,  but  on  the  con- 
trary the  animals  grew  large  and  practically  completely  differentiated,  meeting 
death  by  drowning.  In  the  tadpoles  k?pt  on  ice,  metabolism  was  lowered  by  the 
cold  so  that  the  tadpoles  grew  only  a  little  and  differentiated  only  slightly;  that 
is,  the  stimulating  effect  of  thyroid  on  metabolism  was  to  some  extent  counter- 
acted. In  the  first  experiment  (Series  V)  cold  protected  against  the  extreme 
emaciation  produced  by  a  certain  thyroid  at  room  temperature.  In  the  second 
experiment  (Series  VIII)  cold  tended  to  counteract  the  mild  stimulation  of  a 
certain  thyroid  which  at  room  temperature  led  to  a  high  degree  of  differentiation. 


DISCUSSION  AND  CONCLUSIONS. 

We  may  conclude  that  the  feeding  of  dried  thyroid  gland  to 
tadpoles  causes  an  early  differentiation  in  proportion  to  the  quantity 
fed  or  the  percentage  of  iodine  content  of  the  gland  used.  With 
the  larger  doses  and  the  higher  iodine  percentages,  metabolism  is 
stimulated  to  such  an  extent  that  the  animals  emaciate  rapidly  and 
die  early,  before  there  is  time  for  much  differentiation.  With 
smaller  amounts  and  lower  iodine  percentages  the  size  of  the  animals 
is  roughly  inversely  proportional  to  the  amount  or  percentage,  so  that 
a  close  association  of  differentiation  with  pigmy  size  is  not  character- 
istic of  thyroid  feeding  as  such,  as  Gudernatsch  seems  to  conclude. 
One  may  see  early  and  marked  differentiation  along  with  large  size. 
It  all  seems  a  question  of  dosage.  The  larger  sizes  are  associated 
with  slower  differentiation,  the  smaller  sizes  with  more  rapid  differ- 
entiation, and  the  smallest  sizes  may  show  no  differentiation  at  all, 
due  to  the  extremely  rapid  and  marked  emaciation,  and  early  death. 
Non-thyroid  iodine  does  not  have  this  effect.  The  thyroid  effect 
is  inhibited  by  exposure  to  cold  and  by  cracker  feeding.  Exposure 
to  cold  probably  acts  by  lowering  metabolism;  cracker  feeding,  by 
substituting  food  other  than  the  animal's  own  tissues  to  meet  the 
increased  demands  caused  by  the  stimulating  effect  of  the  thyroid 
feeding. 

Gudernatsch  in  his  earlier  paper  speaks  of  the  thyroid  as  stim- 
ulating metabolism,  which  leads  to  early  differentiation  and  sup- 
presses growth.  Later  he  seems  to  lean  to  the  view  that  the  thy- 
roid possesses  some  specific  influence  on  differentiation.  It  may  all 
be  a  matter  of  words,  but  our  present  conception  is  that  we  are 
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simply  dealing  with  the  well  known  action  of  thyroid  on  metabo- 
lism. As  the  iodine  content  increases,  the  thyroid  increasingly  stim- 
ulates the  metabolism  of  the  tadpole,  which  undergoes  changes  in 
size,  increased  growth  or  rapid  emaciation,  according  to  the  strength 
of  the  action.  The  tadpole  being  a  larval  form,  the  tissues  first  to 
be  stimulated  to  increased  metabolism,  and  later  the  first  to  be  con- 
sumed, are  naturally  those  'tissues  whose  normal  function  is  ap- 
proaching a  normal  end,  and  which,  in  the  normal  course  of  events, 
are  about  to  undergo  metamorphosis.  Hastening  of  differentiation 
seems  then  to  ensue  not  as  a  specific  stimulation  of  differentiation, 
but  only  to  be  the  normal  result  of  the  stimulation  of  general  metab- 
olism. The  seeming  specificity  of  the  result  lies  not  in  a  new  action 
of  thyroid,  but  in  its  application  to  a  living  organism  at  a  specific 
time  in  its  development. 

Most  important,  of  course,  is  the  confirmation  of  what  we  may  be 
justified  in  regarding  as  an  established  fact ;  namely,  that  the  activ- 
ity and  potency  of  the  physiologically  active  substance  of  the  thyroid 
is  measurable  in  terms  of  its  percentage  iodine  content. 

Finally,  it  may  be  pointed  out  that  the  reaction  of  tadpoles  to 
thyroid  feeding  is  so  sensitive  that  the  procedure  might  well  serve 
as  a  biological  test  for  the  activity  of  thyroid  tissue,  superior  even 
to  chemical  methods. 

EXPLANATION  OF  PLATE  78. 

Figs,  i  to  6.  Photographs  of  Series  II,  dog  thyroid  experiments.  Experi- 
ment begun  May  23  and  photographed  7  days  later.  All  were  fed  50  mg.  of 
thyroid  every  other  day. 

No.  I  received  thyroid  containing  0.05  mg.  of  iodine  per  gm.  dried. 

2  "  "  "  0.08    "     "       " 

3  "  "  "  0.18     "     " 

4  "  "  "  0.54    «     "       " 

5  "  "  "  0.71     "     " 

6  "  "  "  1.40    "     " 
No  change  is  seen  in  Nos.  I,  2,  and  3  because  of  the  short  time  interval  and 

the  low  iodine  content  of  thyroid  used,  while  Nos.  4  5,  and  6  show  the  charac- 
teristic increasing  eflFect  of  thyroid  paralleling  the  iodine  content. 
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Since  the  first  appearance  of  the  Wassermann  test  for  syphilis, 
many  short  cuts  and  modifications  have  been  devised  or  suggested  and, 
we  regret  to  say,  most  of  them  have  failed  to  stand  the  test  of  time 
as  well  as  the  original.  Moreover,  several  entirely  new  methods  of 
diagnosis  have  been  devised,  of  which  Noguchi's  cutaneous  test  has 
probably  come  the  closest  to  being  satisfactory,  and  that  only  in  certain 
stages  of  the  disease.  In  1914,  Hirschfeld  and  Klinger  reported  to 
the  Congress  of  Internal  Medicine  at  Wiesbaden  that  they  had  suc- 
ceeded, by  means  of  the  process  of  coagulation,  in  distinguishing  a 
syphilitic  from  a  nonsyphilitic  serum.  At  that  time  they  had  examined 
about  250  serums;  they  later  reported  that  about  500  had  been  tested 
by  a  collaborator,  and  since  then,  in  a  personal  communication,  have 
written  that  around  1,000  successful  tests  have  been  made.  During 
the  past  nine  months,  we  have  also  been  working  with  the  technic, 
and  have  now  done  about  600  tests  which  we  wish  to  report. 

The  reaction  is  based  on  the  phenomena  of  coagulation  of  the 
blood.  Hirschfeld  and  Klinger  conceived  the  idea  that  there  might 
be  possibly  a  deviation  of  the  cytozyme,  akin  to  the  deviation  of  the 
complement  in  the  Wassermann  reaction.  To  understand  the  details, 
it  will  be  necessary  to  recall  several  of  the  principles  of  coagulation 
of  the  blood;  and  as  Hirschfeld  and  Klinger  have  worked  entirely  on 
the  schema  as  given  by  Bordet  and  Delange,  we  will  only  mention  the 
work  of  these  authors — it  being  outside  the  scope  of  this  paper  to  dis- 
cuss coagulation  of  the  blood  in  its  entirety.  According  to  this  schema, 
as  we  can  see,  coagulation  is  due  to  the  precipitation  of  the  fibrinogen 
of  the  plasma  by  the  thrombin. 

Calcium  icn 
Serozyme  or  prothrombin  j  Cytozyme  or  thromboplasdc  substance 

Thrombin         Fibrinogen 
Fibrin  (coagrulation) 


♦From  the  Department  of  Dermatology  and  Syphilis,  the  H.  K.  Gushing 
Laboratory  of  Experimental  Medicine,  and  the  Department  of  Pathology  of 
Western  Reserve  University  and  Lakeside  Hospital. 


The  thrombin  itself  is  the  product  of  three  factors:  first  serozyme ; 
an  albuminoid  thermostabile  substance  contained  in  the  plasma ;  second 
cytozyme,  a  thermostabile  substance,  lipoid  in  nature,  derived  from 
tissues  of  the  body,  blood  cells,  platelets,  etc.,  and  very  similar  to 
lecithin  and  cephalin;  third,  calcium  in  the  state  of  ionization  (the  non- 
ionized  salts,  for  example,  citrate,  Arthus,  Sabbatini  and  others  have 
shown  to  be  not  active).  The  thrombin  forms  itself  only  in  the 
presence  of  calcium,  only  a  few  seconds  of  time  being  required,  and, 
once  formed,  it  provokes  coagulation  of  the  fibrinogen,  even  in  the 
absence  of  the  ionized  calcium  salts.  Bordet  and  Delange  have  shown 
that  1/1,000  or  1/20,000  mg.  of  the  dried  alcoholic  extract  of  muscle 
or  platelets  forms  thrombin  capable  of  coagulating  0.5  c.c.  of  oxalate 
plasma. 

Bordet  and  Delange  entirely  separate  the  two  phases  of  coagulation. 
The  first  phase  consists  in  the  formation  of  thrombin  by  the  inter- 
action of  serozyme  and  cytozyme  in  an  ionized  calcium  medium.  The 
solution  of  sodium  oxalate  precipitates  the  calcium  salt  in  the  plasma 
and  thus  causes  the  decalcification  of  the  mediums.  The  coagulation 
is  produced  by  the  action  of  the  thrombin  formed  in  the  first  phase 
on  the  plasma  (fibrinogen)  added  at  the  same  time  as  the  sodium 
oxalate  solution  (second  phase).  The  separation  of  the  two  phases 
allows  one  to  measure  the  quantity  of  thrombin  formed  in  a  given 
unit  of  time.  The  more  thrombin  there  is  in  the  solution,  the  quicker 
is  the  coagulation.  Another  advantage  of  their  method  consists  in  the 
employment  of  relatively  pure  solution.  They  take  the  blood  in  a 
paraffined  tube  containing  a  solution  of  sodium  oxalate.  The  blood 
remains  liquid,  and  after  prolonged  and  speedy  centrifugalization  fur- 
nishes a  plasma  that  is  almost  free  from  cytozyme.  By  recalcification 
the  plasma  is  coagulated,  and  after  the  clot  is  expressed  one  obtains  a 
serum  rich  in  serozyme  containing  only  traces  of  cytozyme.  For 
cytozyme,  Bordet  and  Delange  use  an  extract  of  platelets  or  of  organs, 
pure  and  sufficiently  concentrated.  To  determine  the  strength  of  a 
substance  in  cytozyme,  one  proceeds  in  the  following  manner:  The 
solution  is  treated  with  serozyme  in  calcified  solution  for  fifteen  min- 
utes. Then  the  oxalate  plasma  is  added.  The  time  which  elapses 
between  the  addition  of  the  plasma  and  the  beginning  of  the  coagula- 
tion is  inversely  proportional  to  the  amount  of  thrombin  formed.  If 
the  plasma  remains  liquid,  one  concludco  that  the  medium  contains 
no  thrombin. 

Hirschfeld  and  Klinger  have  noticed  the  affinity  of  the  cytozyme 
for  the  globulin  of  serum.  The  important  role  played  by  the  globulins 
in  most  serologic  reactions  is  a  familiar  fact.  These  findings  have  led 
them  to  inquire  whether  the  technic  of  coagulation  would  not  allow 


them  to  discover  certain  phenomena  of  immunity.  They  have  accord- 
ingly directed  their  attention  especially  toward  a  possible  deviation  of 
the  cytozyme  analogous  to  the  deviation  of  the  complement  in  the 
Wassermann  reaction. 

THE    COAGULATION    TEST 

This  reaction  is  based  on  the  fact  that  the  organ  extracts  employed 
in  the  Wassermann  reaction  represent  very  active  cytozyme.  This 
property  of  the  cytozyme  disappears  after  contact  with  a  syphilitic 
serum,  while  it  remains  intact  after  a  similar  treatment  with  a  normal 
serum. 

In  short,  one  measures  the  activity  of  a  certain  quantity  of  an 
extract  after  mixing  it  with  a  serum  to  be  examined.  If  coagulation 
is  not  retarded  sensibly  and  the  extract  is  active  in  its  coagulating 
power,  the  serum  is  normal.  If,  on  the  other  hand,  the  coagulation  is 
feeble  or  completely  inhibited,  the  serum  is  syphilitic. 

DIRECTIONS    FOR   THE   REACTION 

1.  For  serozyme,  Bordet  and  Delange  employed  the  serum  of  rabbit.  Hirsch- 
feld  and  Klinger  have  found  that  sheep's  or  goat's  blood  is  richer  in  serozyme 
than  that  of  the  rabbit.  These  animals  have  less  delicate  platelets.  They  con- 
sider that  paraffined  tubes  for  receiving  blood  are  not  essential,  if  these  ves- 
sels are  perfectly  clean  and  dry,  warmed  to  40  C.  and  the  blood  is  drawn  by 
a  cannula.  The  latter  authors  have  found  beef  blood  unsuitable  and  we  have 
likewise.     We  prefer  paraffined  vessels. 

PREPARATION     OF     SEROZYNE 

A  300-c.c.  flask  is  filled  with  100  c.c.  of  water  and  marked  accurately  at  the 
fluid  level.  The  flask  is  sterilized  with  dry  heat  to  180  C.  for  half  an  hour 
and  then  coated  all  over  with  paraffin.  One  puts  into  the  flask  10  c.c.  of  the 
1  per  cent,  sodium  oxalate  solution  and  0.5  c.c.  of  10  per  cent,  sodium  chlorid 
solution  for  each  100  c.c.  of  blood.  Mix  them  well  by  shaking.  Fill  with 
blood  to  the  desired  mark  and  shake  it  gently  but  thoroughly.  Pour  the  blood 
thus  prepared  into  centrifuge  tubes  heated  to  40  C,  and  speedily  centrifugalize 
it  till  the  cellular  elements  have  settled  to  the  lower  half  of  the  tube.  Remove 
the  clear  plasma  with  a  pipet,  taking  care  not  to  remove  the  red  cells  at  the 
same  time.  Centrifugalize  the  clear  plasma  for  a  second  time  for  at  least  thirty 
minutes  to  further  get  rid  of  the  cytozyme  present.  Plasma  thus  obtained  can 
be  stored  for  three  days  in  a  refrigerator.  It  should  be  clear,  yellowish  in  color 
and  free  from  hemoglobin.    This  is  the  oxalate  plasma. 

FOR     SEROZYME     OR     EXTRACT     OF     SERUM 

To  10  c.c.  of  the  oxalate  plasma  thus  obtained,  add  12  c.c.  of  the  1  per 
cent,  calcium  chlorid  solution.  Place  the  mixture  in  incubator  until  the  clot 
is  firmly  formed.  Express  the  clot  by  means  of  a  pair  of  broad  sterilized 
forceps.  Sometimes  it  is  necessary  to  repeat  the  procedure  if  not  entirely  clear. 
Then  leave  the  clear  liquid  in  the  incubator  for  another  half  hour  to  destroy 
the  further  formation  of  thrombin.  It  is  well  to  prepare  the  serozyme  four 
or  five  hours  before  the  experiment.  Before  use,  the  serozyme  thus  obtained 
should  be  diluted  to  five  times  its  volume  with  0.85  per  cent,  sodium  chlorid,  and 
the  mixture  should  stand  for  one  hour. 


2.  Calcified  saline  is  prepared  by  mixing  100  c.c.  of  0.85  per  cent,  of  sodium 
chlorid  and  5  c.c.  of  1  per  cent,  solution  of  calcium  chlorid.  Frankel  and 
Thiele  recommended  5  per  cent,  calcium  chlorid  in  physiologic  salt  solution. 
We  have  tried  their  suggestion  and  find  it  does  not  work.  Moreover,  it  is 
physiologically  impossible,  for  it  is  a  well-known  fact  that  in  strengths  above 
0.5  per  cent,  calcium  solution  clotting  is  impossible. 

3.  Oxalate  plasma  is  prepared  in  the  proportions  given  in  Table  1. 

TABLE    1. — Preparation   of   Oxalate   Plasma 

Oxalate  plasma   20  parts 

Solution  sodium  oxalate,  1  per  cent 20  parts 

Normal  saline   60  parts 

This  mixture  should  be  prepared  just  before  use. 

4.  For  the  organ  extract,  all  alcoholic  extracts  may  be  used.  Merck's 
preparation  of  guinea-pig's  heart  extract,  of  which  0.1  c.c.  of  a  dilution  of  1 :  160 
causes  coagulation  after  contact  with  serozyme  in  three  to  four  minutes,  is 
recommended  by  Hirschfeld  and  Klinger.  We  have  prepared  even  better 
extracts  of  our  own,  both  from  guinea-pig  and  from  human  hearts. 

titration   of   extracts 

In  order  to  ascertain  what  doses  should  be  used  in  the  experiment,  there  is 
prepared  a  series  of  dilutions  of  extract  in  0.85  per  cent,  sodium  chlorid  solu- 
tion, doubling  each  time  the  quantity  of  sodium  chlorid  solution.  We  recom- 
mend the  initial  dilution  of  1 :  10  strength,  to  be  followed  consecutively  by  1 :  20, 
1 :  40,  1 :  80,  1 :  160  and  1 :  240.  Mix  0.1  c.c.  of  each  dilution  with  1  c.c.  of  calci- 
fied saline  and  0.5  c.c.  of  serozyme  diluted  one  hour  before.  Let  the  mixture 
stand  at  room  temperature  for  fifteen  minutes,  and  add  to  it  the  mixture  of 
oxalate  plasma.  One  selects  for  the  reaction  the  three  consecutive  dilutions, 
of  which  the  first  and  second  coagulate  the  plasma  in  from  one  to  two  minutes, 
and  the  third  in  from  three  to  four  minutes. 

PREPARATION     OF     PATIENT's     SERUMS 

In  taking  patient's  blood,  great  care  should  be  exercised  to  avoid  hemolysis 
in  the  specimens  to  be  tested.  All  serums  should  be  inactivated  at  58  C.  for 
one  hour  in  order  to  destroy  the  cytozyme  present  in  them. 

technic   of   the   test 

It  is  necessary  to  state  that  in  order  to  make  the  test  of  diagnostic  value, 
every  detail  is  to  be  carried  out  accurately:  We  refer  to  the  collecting  of 
blood  from  the  animals  for  experiments.  The  measurement  must  be  carefully 
made  in  the  quantity  of  blood  taken  and  in  the  reagents  used.  The  time  for 
incubation  of  serozyme  must  be  exact,  and  after  the  process  it  must  be  per- 
fectly free  from  thrombin.  Many  a  time,  disappointment  invariably  follows 
only  a  slight  overlooking  of  these  seemingly  little  things.  In  every  reaction, 
a  preliminary  titration  of  extract  and  control  must  be  carried  out  before  the 
main  reaction  is  begun.  It  will  be  of  great  help  if  a  preliminary  test  of  one 
known  positive  and  one  known  negative  is  also  made.  If  the  titration  of 
extract  fails  to  give  a  good  result — either  too  rapid  or  too  slow  in  the  coagula- 
tion time  —  correct  the  fault  at  once  before  proceeding  to  the  test  proper. 

TABLE  2. — Schema  of  Reaction 

Patient's  serum,  0.1  c.c. ;  heart  antigen,  0.1  c.c. 
Stand  for  one  hour. 
Calcified  NaCl,  1.0  c.c. 
Serozyme  diluted,  0.5  c.c. 


Stand  for  fifteen  minutes. 

Diluted  oxalate  plasma,  1.0  c.c. 

After  the  addition  of  oxalate  plasma,  observe  and  record  the  t 
lation.  With  a  little  practice,  a  large  number  of  these  specimen 
at  one  time  without  difficulty. 

THE    CONTROLS 

In  order  to  make  sure  that  the  test  is  properly  carried  out,  a 
trols  must  be  made  as  follows : 

The  serozyme  control  consists  of  a  mixture  of  diluted  ser 
0.5  c.c,  and  calcified  saline,  1  c.c.  It  should  remain  perfectly  cl 
for  hours,  and  show  no  signs  of  thrombin  formation.  This  test  ; 
all  others  in  the  reaction. 

The  serum  control  (D)  is  to  be  carried  out  at  the  same  tit 
proper  with  each  patient's  serum.  It  contains  all  the  reagents  exc« 
and  it  should  remain  liquid  for  at  least  three  hours;  it  should 
before  the  reading  of  all  the  specimens  is  completed. 

TABLE    3. — Reaction    as    Used    by    Hirschfeld    and    Klinger    and 

Showing  a   Set   of   Experiments 


Patient 

1:40 
Minutes 

Dilution  of 
Extract 
1:80 
Minutes 

1:160 
Minutes 

Serum 
Without 
Extract 

1 

Surgical   

5 

8 

10 

0 

2 

Surgical    

5 

8 

10 

0 

3 

L  a  tent   syphilis 

8 

0 

0 

0 

4 

I  nterstitial 
keratitis 

9 

0 

0 

0 

J 

Lesion  on  penis, 
ulcer  mollis 

0 

8 

10 

0 

6 

L  a  tent  syphilis 

8 

0 

0 

0 

7 

C  e  r  e  b  rospinal 
syphilis  (spinal 
fluid) 

8 

18 1 

40t 

0 

8 

Gastritis 

6 

8 

10 

0 

9 

Asthma 

5 

8 

11 

0 

10 

Secondary 
anemia 

' 

8 

10 

0 

11 

Influenza 

5 

8 

10 

0 

12 

L  a  tent   syphilis 
(spinal  fluid) 

8 

15 

0 

0 

13 

Cere  b  rospinal 
syphilis  (spinal 
fluid) 

10 

0 

0 

0 

14 

Cere  b  rospinal 
syphilis  (spinal 
fluid) 

10 

0 

0 

0 

15 

Known    positive 

7 

0 

0 

0 

16 

Known    nega- 
tive t 

4 

1 

6 

8 

0 

*  The  figures  indicate  the  time  necessary  for  coagulation ;  0  = 
tion  after  four  hours.     The  extract  controls  alone  coagulated  in 
three  minutes,  respectively. 

t  Feeble. 

t  Serozyme  alone,  0.  I 
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The  plasma  control  is  to  be  carried  out  separately  and  before  the  main  test 
is  begun.  It  consists  of  a  mixture  of  1  c.c.  of  calcified  saline,  and  0.5  c.c.  of 
serozyme  diluted  with  1  c.c.  of  diluted  oxalate  plasma.  This  mixture  should 
remain  in  solution  indefinitely. 

Observe  and  record  the  time  of  coagulation. 

After  the  adding  of  the  oxalate  plasma  to  all  the  tubes,  the  contents  which 
are  at  first  colorless  and  clear  become  flocculent  and  cloudy.  The  negative 
specimens  starting  from  the  first  tubes  gradually  become  thickened,  gelatinous 
in  consistency,  and  the  coagulation  takes  place  consecutively  in  from  three  to 
ten  minutes  in  all  the  three  tubes.  The  positive  cases,  however,  remain  either 
unclotted  for  hours  in  all  the  tubes  or  they  very  feebly  and  slowly  coagulate. 
The  time  taken  from  reading  is  only  of  comparative  value.  There  is  no  abso- 
lute standard  of  the  coagulation  time.  It  depends  largely  on  the  integrity  of 
the  serozyme,  the  strength  of  the  cytozyme  and  the  condition  of  the  oxalate 
plasma.  One  reads,  therefore,  perhaps  from  two  to  eight  minutes  in  one  reac- 
tion and  from  ten  to  twenty-five  in  another.  After  a  little  practice  one  can 
judge  accurately  whether  the  given  specimen  is  positive  or  negative  by  the 
character  of  the  contents  of  the  tubes.  It  is  to  be  stated  here  that  serozyme 
loses  much  of  its  power  of  thrombin  formation  after  twenty-four  hours'  stand- 
ing. Whenever  possible  it  should  be  prepared  anew. 
I 

COMMENT    ON    THE    TEST 

It  is  difficult  to  offer  an  explanation  of  the  reaction.  It  is  not 
primarily  an  anticoagulability  of  the  syphilitic  serum,  because  it 
affects  its  action  only  after  contact  with  the  organ  extract.  According 
to  Hirschfeld  and  Klinger,  in  their  early  researches  on  the  globulin  of 
serum,  there  is  a  colloidal  transformation  of  serum — a  sort  of  ultra- 
microscopic  precipitation  of  globulins  due  to  contact  with  alcoholic 
extracts.  This  alteration  of  globulins  probably  effects  absorption  and 
diminution  of  the  activity  of  the  extract.  This  phenomenon  is  also 
observed,  although  in  a  less  noticeable  manner,  with  the  cytozyme 
contained  normally  in  the  serum.  One  notices  this  with  some  syphilitic 
serums  very  rich  in  cytozyme  which  coagulate  more  rapidly  in  the 
control  tubes  and  which  do  not  furnish  a  sure  result  in  the  coagulation 
reaction.  In  such  cases,  the  coagulation  takes  place  very  rapidly  (in 
from  two  to  five  minutes)  in  the  control  tubes  (D),  while  tubes  with 
increasing  doses  of  extract  show  retardation  more  marked  in  those 
that  contain  larger  doses  of  extract.  On  the  contrary  a  nonsyphilitic 
serum,  rich  in  cytozyme,  shows  a  coagulation  irore  rapid  in  tubes  con- 
taining the  extract;  while  the  control  is  slower,  although  it  finally 
coagulates. 

Hirschfeld  and  Klinger  have  found  this  test  superior  to  the  Was- 
sermann  in  many  instances,  especially  in  cases  of  treated  syphilis. 
Moreover,  they  have  produced  positive  reaction  to  the  Wassermann 
test  by  treating  normal  serums  with  emulsions  of  agar  or  of  microbes, 
and  also  by  prolonged  agitation  of  diluted  normal  serums,  whereas  the 
coagulation  test  remained  negative. 


Their  results  show  that  the  coagulation  test  for  syphilis  is  as 
characteristic  as  the  Wassermann. 

An  aqueous  extract  (cytozyme),  Hirschfeld  and  Klinger  find,  has 
no  effect  on  syphilitic  serums.  It  is  evident  that  the  special  change 
which  the.  lipoid  extract  undergoes  with  the  syphilitic  serum  cannot  be 
due  to  anticytozyme,  but  that  the  reaction  of  the  syphilitic  serum 
with  the  lipoid  extract  leads  to  absorption  of  its  coagulating  powers, 
as  a  result  of  which  it  (lipoid  extract)  is  less  useful  as  cytozyme,  or  is 
even  changed  in  its  physical  and  chemical  character. 

COMPARISON    WITH   THE  WASSERMANN   REACTION 

Of  the  548  cases  tested  by  us,  fifty-one  specimens  are  spinal  fluids 
from  different  individuals.  The  classification  given  in  Table  4  shows 
the  number  of  the  different  diseases  examined. 

TABLE    4. — Classification    of    Cases 

Diseases  No. 

Infectious    diseases,    including    fevers,    pneumonia, 

rheumatism,  arthritis,  tonsillitis,  etc 15 

Congenital   syphilis    5 

Cerebrospinal   syphihs    17 

Primary   syphilis    23  / 

Secondary  syphilis  32 

Tertiary  syphilis    68 

Latent  syphilis    84 

Treated  syphilis   73 

General  paresis,  psychoses,  etc 5 

Tabes   dorsalis    6 

Gummas    4 

Skin  diseases,  including  acne  vulgaris,  rosacea,  etc.  37 
Medical  cases,  including  diabetes,  anemia,   diseases 
of    the     respiratory,    circulatory    and    digestive 

systems,  etc 131 

Surgical  cases   48 

Total  548 

As  all  the  tests  have  been  run  parallel  with  the  Wassermann,  com- 
ments will  be  made  only  on  the  cases  giving  different  results — either 
positive  with  this  test  and  negative  with  the  Wassermann,  or  vice  versa. 
We  employ  the  original  Wassermann  technic,  using  four  different 
antigens  for  each  serum.  We  use  alcoholic  human  heart  antigens 
reenforced  with  cholesterin. 

Of  the  548  cases  of  blood  and  spinal  fluid  examined,  fifty-eight 
cases,  or  10.5  per  cent.,  give  positive  results  with  the  coagulation  test 
and  negative  results  with  the  Wassermann.  The  diseases  comprising 
these  fifty-eight  cases  are  given  in  Table  5. 
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TABLE    5. — Cases    in    Which    the    Coagulation    Test    Gave    Positive 
Results   and   the   Wassermann    Negative 

Latent  syphilis  19 

Treated  syphilis   15 

Secondary  syphilis  (spinal  fluids)    2 

Tertiary  syphilis  11 

Primary  syphilis  4 

Cerebrospinal   syphilis    3 

General  paresis  2 

Tabes  dorsalis  1 

Hodgkin's  disease    1 

Total   58 

It  is  evident  from  these  figures  that  the  coagulation  test  is  more 
delicate  than  the  Wassermann.  In  our  series  it  detects  10.5  per  cent, 
more  cases  of  syphilis  than  the  Wassermann.  In  the  latent  and  treated 
cases  of  syphilis,  in  which  the  Wassermann  has  often  given  negative 
results,  the  coagulation  test  has  been  positive.  The  four  cases  of 
primary  syphilis  in  this  series,  in  which  infection  was  definite,  and  the 
lesions  were  characteristic  of  primary  syphilis  and  persistent  under 
local  treatment,  all  gave  negative  results  with  the  Wassermann,  while 
the  coagulation  test  was  positive.  Likewise  in  many  tertiary  cases  the 
coagulation  test  was  positive,  while  the  Wassermann  reaction  was 
negative.  In  general  paresis,  tabes  dorsalis  and  the  cerebrospinal 
syphilis  quoted  above,  there  was,  in  most  cases,  not  even  a  trace  of 
complement  deviation  with  the  Wassermann  reaction,  while  they  came 
out  positive  with  the  coagulation  test.  There  is  one  case  of  Hodgkin's 
disease  not  accounted  for.  On  account  of  the  lack  of  history,  we  are 
not  able  to  comment  on  it. 

It  must  be  pointed  out  here  that  there  are  a  few  cases  on  our  record 
having  positive  reaction  with  the  coagulation  test  and  negative  with 
the  Wassermann,  and  we  cannot  find  any  justification  for  such  results 
from  the  history  given.  Repetition  of  the  test  with  fresh  reagents 
is  of  course  highly  advisable  in  these  cases.  The  following  cases  are 
on  record,  and  we  have  since  had  one  or  two  others.  In  this,  however, 
the  test  is  probably  as  fallible  as  the  Wassermann. 

J.  P.,  Hodgkin's  disease,  coagulation  ++,  Wassermann  ±. 
A.  S.,  acne  vulgaris,  coagulation  ++,  Wassermann  — . 
L.  W.,  pityriasis  rosea,  coagulation  ++,  Wassermann  — . 

On  the  other  hand,  it  has  been  observed  from  time  to  time  that  a 
few  serums  react  negatively  with  the  coagulation  test  and  positively 
with  the  Wassermann.  Of  the  548  cases,  we  have  three  specimens 
giving  persistently  negative  results  with  this  test  and  positive  with  the 
Wassermann.    For  example,  we  have : 
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B.  A.,  syphilis,  coagulation  — ,  Wassermann  ++. 
L.  B.,  spinal  fluid,  syphilis,  coagulation  — ,  Wassermann  ++. 
P.,    spinal    fluid,    syphilis,    generalized    eruption,    coagulation    — ,    Wasser- 
mann   ++. 

In  general,  we  have  found  that  hemolyzed  specimens  tend  to  pro- 
duce coagulation  in  all  the  tubes,  regardless  of  the  presence  or  not 
of  tissue  extract. 

We  have  so  far  tested  only  fifty-one  specimens  of  spinal  fluids 
from  different  patients.  The  results  have  been  most  gratifying.  In 
quite  a  few  cases  the  Wassermann  has  given  negative  results  while 
the  coagulation  test  has  been  positive:  in  fact,  of  the  fifty-one  cases, 
the  coagulation  test  gives  eleven  more  positive  than  the  Wassermann, 
making  a  difference  of  21  per  cent,  more  positives  for  the  coagulation 
test.  The  original  publication  reports  unfavorable  results  with  the 
spinal  fluids  tested.  Our  small  experience,  we  believe,  allows  us  to 
state  that  the  spinal  fluid,  inactivated  at  58  C.  (136.4  F.)  for  half  an 
hour  and  used  in  dose  of  0.4  c.c,  gives  good  results  with  this  test. 

The  question  arises  as  to  the  eflfect  of  the  age  of  the  serums  on 
this  coagulation  test.  We  have  tested  about  150  serums  of  different 
ages  and  at  dift'erent  times.  The  time  elapsed  has  been  from  two 
weeks  to  two  months  in  different  series  of  the  specimens.  The  results 
have  been  uniformly  good.  With  the  exception  of  specimens  showing 
deterioration,  they  all  stand  well  for  at  least  four  weeks,  if  kept  on 
ice.  When  a  serum  deteriorates,  it  generally  gives  a  positive  reaction. 
It  is  safe,  therefore,  to  make  a  conservative  estimate  that  all  serums 
which  have  been  inactivated  at  58  C.  for  one  hour  can  be  kept  in  an 
ice  chest  for  one  week  or  possibly  more  without  the  reaction  being 
affected. 

For  the  purpose  of  studying  the  stability  of  the  antibodies  in  the 
serum,  we  have  made  the  following  experiments:  We  have  heated 
a  few  specimens  of  serums  to  65  C.  (149  F.)  for  from  three  quarters 
of  an  hour  to  an  hour  without  generally  altering  the  reaction.  A  few 
specimens  heated  to  70  C.  (158  F.)  or  over  showed  a  tendency  of 
the  negative  specimens  to  become  positive. 

While  the  results  are  encouraging  with  our  work  for  the  past  nine 
months,  we  would  still  recommend  that  all  the  tests  should  be  done 
hand  in  hand  with  the  Wassermann.  This  is  especially  important  with 
those  who  have  had  little  or  no  experience  in  serologic  work.  In  the 
hands  of  experienced  workers,  this  is  unquestionably  a  more  delicate 
test  than  the  Wassermann,  and  only  further  work  can  show  us  its 
scope  and  limitations. 
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CONCLUSIONS 

1.  The  coagulation  test  carried  out  by  thoroughly  reliable  and 
conscientious  workers  is  quite  as  specific  as,  and  more  delicate  than 
the  Wassermann,  in  cases  of  treated,  latent  and  cerebrospinal  syphilis. 

2.  Syphilitic  cases,  after  prolonged  and  effective  treatment,  give 
negative  results  with  the  coagulation  test,  as  with  the  Wassermann^ 

3.  A  few  primary  cases  have  given  a  positive  result  with  the 
coagulation  test,  while  the  Wassermann  was  still  negative. 

4.  Spinal  fluids,  after  inactivation  for  half  an  hour  at  58  C,  give 
good  results  with  the  coagulation  test,  if  used  in  doses  of  0.4  c.c. 

Our  deepest  gratitude  is  due  to  Prof.  G.  N.  Stewart  for  his  valuable  sug- 
gestions and  advice  in  carrying  out  this  work. 

2047  East  Ninth  Street. 
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Studies  in  thyroid  transplantation. 

I.    Data  Relative  to  the  Problem  of  Secretory  Nerves. 

By  O.  T.  Manley  and  David  Marine. 

[From  the  H.  K.  Cusldng  Laboratory  of  Experimental  Medicine, 
Western  Reserve  University,  Cleveland.] 

During  the  past  two  years  we  have  utilized  the  method  of 
thyroid  transplantation  in  rabbits  in  the  attempt  to  get  further 
data  concerning  certain  questions  in  the  physiology  and  pathology 
of  this  tissue.  One  of  these  questions  is  that  of  the  necessity  or 
not  of  specific  secretory  nerves  to  the  gland.  The  observations 
of  Anderson,  Berkeley  and  Rhinehart  have  shown  that  in  the 
thyroid  both  vessels  and  gland  cells  are  abundantly  supplied  with 
nerve  fibers.  Stewart,  Francois  Frank  and  others  have  demon- 
strated the  richness  of  the  vasoconstrictor  nerve  supply,  and  Von 
Cyon  demonstrated  the  presence  of  vasodilator  fibers,  both  sets 
of  fibers  for  the  most  part  reaching  the  gland  through  the  superior 
laryngeal  nerves.  More  recently  Asher  and  Flack  and  Ossokin 
have  published  physiological  evidence  which  they  think  supports 
the  view  that  the  gland  is  under  the  control  of  secretory  nerves, 
and  Beebe  and  his  associates  have  found  that  prolonged  stimula- 
tion of  the  thyroid  nerves  causes  a  slight  reduction  in  the  iodin 
content  which  they  interpret  as  indicating  the  presence  of  secretory 
nerves. 

The  method  of  transplantation  eliminates  many  of  the  physio- 
logical and  technical  difficulties  and  objections  of  the  acute 
experiments. 

It  has  been  found  that  under  certain  conditions  thyroid  tissue 
may  be  readily  transplanted  in  widely  separated  parts  of  the  body, 
as  for  example  in  the  adrenal,  ovary,  subperitoneal  tissues, 
muscle,  subcutaneous  fascia  of  the  neck,  chest  and  abdomen,  and 
also,  though  with  more  difficulty,  in  the  spleen  and  bone  marrow. 
By  transplanting  and  removing  a  sufficient  amount  of  the  main 
gland,  care  being  taken  to  avoid  all  contact  with  iodin,  we  have 
always    obtained    compensatory    hyperplasia    of    the    remaining 
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stump,  and  in  addition  a  simultaneous  and  similar  degree  of 
hyperplasia  of  any  existing  transplants  independent  of  their 
location.  Thus  we  have  seen  such  reactions  in  ovarian,  adrenal 
and  subcutaneous  transplants  of  the  chest,  neck  and  abdomen. 

Now,  if  one  gives  very  small  doses  of  some  idoin-containing 
substance,  whether  by  mouth  or  by  the  use  of  a  little  tincture 
of  iodin  as  in  skin  sterilization,  involution  promptly  occurs  in 
from  two  to  three  weeks  which  effects  the  transplants  irrespective 
of  their  location  in  the  same  way  as  the  main  thyroid  gland  stump 
is  effected.  We  have  seen  no  exception  to  this  except  in  cases 
where  the  total  amount  of  thyroid  tissue  was  below  the  level  at 
which  iodin  will  protect  against  thyroid  hyperplasia.  Also  if  iodin 
is  administered  prior  to  or  at  the  time  of  transplantation,  no 
hyperplasia  of  either  the  original  gland  or  transplants  occurs  until 
the  effect  of  the  iodin  has  fallen  to  the  level  of  inducing  an  in- 
sufficiency. Likewise  if  iodin  is  administered  following  trans- 
plantation, no  hyperplasia  ordinarily  occurs  during  the  time  of 
such  administration.  We  have  followed  such  thyroid  transplants 
for  as  long  as  271  days. 

If  now  a  large  part  of  the  transplanted  thyroid  tissue  and  of 
the  original  gland,  thus  involuted,  is  removed,  the  remaining  thy- 
roid transplants  and  the  remaining  portion  of  the  stump 
undergo  active  hyperplasia  for  the  second  time.  This  is  similar 
in  all  essentials  to  the  effects  seen  in  dogs  following  alternate 
partial  thyroid  removals  and  iodin  administrations.  There  is 
evidence  also  that  transplanted  thyroid  tissues  function.  We 
have  observed  four  rabbits  showing  marked  amelioration  of  the 
symptoms  of  operative  myxedema  associated  with  active  hyper- 
plasia of  subcutaneous  abdominal  transplants. 

In  view  therefore  of  the  facts  that  (i)  under  favorable  condi- 
tions thyroid  tissue  may  "take"  and  grow  in  widely  different 
parts  of  the  body;  (2)  that  such  transplanted  tissue  undergoes 
hyperplasia  simultaneously  and  is  histologically  identical  with 
that  of  the  original  gland  stump ;  (3)  that  iodin  induces  an  involu- 
tion alike  in  both  the  transplanted  and  non-transplanted  tissue, 
we  believe  (a)  that  the  thyroid  may  function  as  a  true  blood- 
vascular  gland  in  that  the  stimuli  which  cause  these  hyperplasias 
may  reach   the  gland  cells  through  the  blood  stream  and  that 
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influences  causing  thyroid  involution  may  be  transmitted  by  the 
same  means;  (b)  that  while  these  observations  do  not  affect  the 
question  of  the  existence  of  specific  secretory  fibers,  they  demon- 
strate that  such  fibers  are  not  essential  in  order  that  thyroid  tissue 
may  exhibit  the  characteristic  morphological  and  physiological, 
changes  known  to  be  associated  with  great  variations  in  functional 
activity ;  (c)  that  these  data  emphasize  the  necessity  for  additional 
evidence  on  the  question  of  specific  secretory  fibers  for  the  thyroid. 


[Reprinted  from  the  Journal  of  Experimental  Medicine,  Vol.  XXII.  Xo.  i,  1915I 
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XII.     A  Study  of  Inequalities  in  the  Blood  Flow  in  the 
Two  Hands  (or  Feet)  Due  to  Mechanical  Causes  (Embo- 
lism, Compression  of  Vessels,  Etc.)  or  to  Functional 
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Criteria  by  Which  the  Conditions 
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(From   the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of  Western 
Reserz'e   University,  Cleveland.) 

(Received  for  publication,  March  17,  1915) 

In  this  paper  a  few  typical  cases  are  discussed  to  illustrate  the 
criteria  referred  to  in  the  title.  Other  cases  presenting  inequalities 
in  the  flow  are  included  in  Paper  XIII  of  this  series,^  under  uni- 
lateral peripheral  neuritis  and  hemiplegia.  Some  have  been  pub- 
lished in  previous  papers,  and  of  these  one  or  two  will  be  briefly 
alluded  to.     The  flow  observations  are  summarized  in  Table  I. 

A  criterion  which  could  be  predicted  a  priori  for  a  blood  flow 
diminished  by  a  mechanical  obstruction  would  be  the  approximate 
constancy  of  the  ratio  of  the  flow  in  the  obstructed  part  to  that  in 
the  corresponding  normal  part  in  measurements  made  at  such  short 
intervals  that  collateral  circulation  could  not  be  appreciably  increased 
in  the  interval.  If  the  obstruction  is  so  great  that  the  chief,  re- 
sistance of  the  vascular  path  is  situated  there,  it  is  clear  that  a  fur- 
ther criterion  would  be  the  lack  of  any  marked  response  of;  the 
blood  flow  in  the  part  to  vasoconstrictor  or  vasodilator  influences; 
c.  g.,  to  reflex  vasomotor  effects  from  the  contralateral  part.  It 
will,  of  course,  depend  upon  the  degree  of  the  obstruction  and  the 
extent  to  which  a  collateral  circulation  has  been  opened  up  how 
great  an  effect  on  the  flow  will  be  produced  through  the  vasomotors. 
Under  no  circumstances  could  we  expect  the  ratio  of  the  flow  in  the 

^  Stewart,  G.  N.,  Arch.  Int.  Med.,  1915,  xvi  (in  press). 
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obstructed  part  to  that  in  the  normal  part  to  be  increased  by  con- 
ditions favoring  vasodilatation  acting  equally  on  both  parts  or  on  the 
whole  surface,  for  example,  by  an  increase  of  the  air  temperature, 
whereas  general  cutaneous  vasodilatation  might  very  well  alter  the 
ratio  to  the  disadvantage  of  the  affected  part.  On  the  other  hand, 
purely  central  changes,  affecting  only  the  driving  power  of  the 
heart,  would  leave  the  ratio  unchanged,  however  great  the  absolute 
changes  in  the  flows  might  be. 

These  considerations  have  been  verified  in  a  number  of  cases.  One  of  these 
has  been  already  described.-  The  innominate  and  right  common  "carotid  arteries 
were  ligated  by  my  colleague,  Dr.  Carl  Hamann,  in  a  woman  68  years  old, 
for  subclavian  aneurysm.  About  a  month  after  the  operation  the  ratio  of  the 
flow  in  the  right  hand  to  that  in  the  left  was  i :  3.54  and  i :  3.48  on  two  suc- 
cessive days.  The  stability  of  the  ratio,  although  the  flow  in  both  hands  was 
somewhat  greater  at  the  first  than  at  the  second  examination,  is  obvious.  Also 
practically  no  vasodilatation  was  caused  in  the  right  hand  when  the  left  was 
immersed  in  warm  water.  The  stability  of  the  ratio  is  clearly,  and  the  failure 
of  the  contralateral  reflex  to  influence  the  flow  is  almost  certainly,  associated 
with  the  still  very  effective  mechanical  block  on  the  arterial  path  of  the  limb. 

Sixteen  weeks  later  the  collateral  circulation  had  opened  up  so  well  that 
the  ratio  had  increased  to  i :  1.3,  and  the  vasomotor  reflexes  from  the  left  to 
the  right  hand  were  now  distinctly  shown  by  the  change  in  the  blood  flow. 

A  case  with  a  different  kind  of  mechanical  block,  namely,  embolism  (and 
thrombosis)  in  the  left  arm  and  the  right  leg,  illustrates  equally  well  the 
criterion  of  stability  of  the  ratio  of  the  flows.  There  was  apparently  at  one  time 
some  temporary  plugging  of  vessels  in  the  right  arm  also,  but  this  cleared  up. 

Costa  B.,  a  dyer,  aged  47  years,  was  in  Lakeside  Hospital  from  Apr.  13, 
1914,  to  May  9,  1914,  suffering  from  rheumatic  fever,  and  left  with  the  physical 
signs  of  mitral  stenosis  and  insufficiency.  On  July  31,  1914,  he  was  read- 
mitted to  the  hospital.  That  morning  while  at  work  he  suddenly  felt  a  severe 
pain  in  the  right  leg,  worst  in  the  groin.  No  pulsation  could  be  detected  in  the 
right  dorsalis  pedis.  The  anterior  tibial  pulse  could  be  felt,  but  was  very  feeble. 
No  pulse  in  the  right  popliteal.  Good  pulsation  in  the  left  leg  in  all  accessible 
arteries.  No  pulse  in  the  left  radial  artery,  but  the  right  is  strong,  rhythmic, 
regular,  and  well  sustained.  The  vessel  wall  is  palpable,  but  not  nodular.  A 
strong  pulse  can  be  felt  in  the  right  brachial.  Blood  pressure,  left  arm,  sys- 
tolic 114,  diastolic  85. 

Sept.  26,  1914.  The  pulse  is  obliterated  in  the  left  radial.  The  left  hand 
is  cold  and  pains  him.  Sept.  30.  He  says  there  is  tingling  of  the  left  hand  and 
right  foot.  The  left  radial  pulse  is  absent  and  never  returned  after  this.  The 
right  radial  pulse  is  diminished.     Right  brachial  felt. 

Oct.  3,  1914.  He  says  that  there  is  no  discomfort  except  tingling  in  the 
right  foot.  Both  extremities  are  warm.  The  right  femoral  pulse  can  be  felt, 
but  not  the  dorsalis  pedis.     No  pulse  in  the  left  radial  or  brachial.     Pulse  in 

2  Stewart,  Arch.  Int.  Med.,  1913.  xii,  678. 
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right  radial  and  brachial.  On  Oct.  5  it  is  stated  that  the  right  radial  pulse  could 
not  be  felt.  On  Oct.  8  the  right  radial  pulse  was  again  felt,  and  was  always 
present  thereafter.  On  Oct.  lo  he  complains  of  pain  in  the  left  shoulder  and 
down  the  arm  to  the  elbow.  Physical  signs  of  (compensated)  mitral  stenosis 
and  insufficiency.  The  blood  flow  was  examined  on  Oct.  26,  1914,  at  which 
time  no  improvement  had  occurred  in  the  permeability  of  the  vessels  which 
could  be  detected  by  palpation.  The  left  foot  is  warmer  than  the  right  to 
the  touch. 

First  Examination  of  Blood  Flow.— Costa  B.,  Oct.  26.  1914-  Hands  in  bath 
at  2.56  p.m.,  in  calorimeters  at  3.07,  out  of  calorimeters  at  3.28.  As  always, 
unless  otherwise  mentioned,  the  quantity  of  water  in  each  hand  calorimeter 
was  3,015  cc. 
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Cooling  of  calorimeters  in  13  minutes,  right  0.19°,  left  0.165°.  Volume  of  right 
hand  473  cc,  of  left  441  cc.  Water  equivalent  of  calorimeters  with  contents, 
right  3473,  left  3,448.     Pulse  in  carotid  102. 

Feet  in  bath  at  3.44V2  p.m.,  in  calorimeters  at  3.55^2.  and  out  of  calorimeters 
at  4.24.  As  always,  unless  otherwise  mentioned,  the  quantity  of  water  in  each 
foot  calorimeter  was  2,775  cc. 
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Cooling  of  foot  calorimeters,  0.19°  in  8  minutes  for  right  and  left.  Volume  of 
right  foot  1,191  cc,  of  left  1,188  cc.  Water  equivalent  of  foot  calorimeters  with 
contents,  right  3,856,  left  3,854.     Rectal  temperature  37.45°  C. 

The  blood  flow  in  the  hands  for  the  last  fifteen  minutes  in  the  calorimeters 
was  6.03  gm.  per  100  cc.  per  minute  for  the  right  hand,  and  i.?^  gm.  for  the 
left,  with  room  temperature  22°  C.  The  ratio  of  the  flow  in  the  left  foot  to 
that  in  the  right  was  i  :  4.71.  For  the  feet  the  flows  were  1.25  gm.  per  100  cc. 
per  minute  for  the  right,  and  2.50  gm.  for  the  left,  with  room  temperature  22°  C. 
calculated  for  the  last  15  minutes  in  the  calorimeters  when  the  flows  had  be- 
come steady  (ratio  i :  2).  The  ratio  of  the  sum  of  the  foot  flows  to  the  sum  of 
the  hand  flows  was  i :  1.9-I,  and  the  ratio  of  the  flow  in  the  normal  (left)  foot 
to  that  in  the  normal  (right)  hand,  1:2.41,  both  within  the  normal  range  for 
the  ratio  of  foot  to  hand  flow. 

The  man  was  discharged  on  Nov.  20  from  Lakeside  Hospital,  and  was  ad- 
mitted at  the  City  Hospital  on  Feb.  2,  1915.  He  complains  of  pain  in  the  right 
leg  from  the  groin  down.  When  he  walks  a  little,  the  pain  gets  worse.  There 
are  also  shooting  pains  down  the  leg.  On  placing  a  constricting  band  on  the 
left  arm,  the  superficial  veins  filled  slowly.  When  the  band  was  put  on  the 
right  leg,  none  of  the  superficial  veins  filled.  The  veins  of  the  left  leg  and 
right  arm  filled  rapidly  (Feb.  16).  On  Feb.  9  the  blood  examination  gave 
erythrocytes  5.100,000,  leucocytes  6,400.  Wassermann  negative.  Blood  pressure 
(Feb.  9),  systolic  95,  diastolic  65;  (Feb.  11)  no  and  75.  On  admission  the 
boundaries  of  the  cardiac  dullness  were  the  third  rib,  the  right  sternocostal 
margin,  and  2  cm.  to  the  left  of  the  nipple  line.  The  blood  flow  was  examined 
on  Feb.  24,  1915.  At  this  time  the  grip  of  the  left  hand  was  strong,  scarcely 
weaker  than  that  of  the  right.  The  right  foot  and  lower  leg  feel  markedly 
cold  to  the  touch,  and  there  is  no  pulse  in  the  dorsalis  pedis  or  elsewhere  in 
the  leg.  No  pulse  at  the  left  wrist,  and  the  left  hand  is  colder  to  the  touch 
than  the  right.  There  is  no  difference  in  the  nails  of  the  two  hands.  He  com- 
plains of  pains  in  the  right  leg  and  says  that  it  feels  tired  all  the  time.  The 
left  hand  does  not  now  trouble  him  much.  There  is  some  wasting  of  the 
right  leg. 

Second  Examination. — Feb.  24,  1915.  Hands  in  bath  at  3.12  p.m.,  in  calorim- 
eters at  3.22,  and  out  of  calorimeters  at  3.35. 
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Cooling  of  calorimeters  in  20  minutes,   right  0.20°,   left  0.23°.     Volume  of 
right  hand  498  cc,  of  left  452  cc.     Water  equivalent  of  calorimeters  with  con- 
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tents,  right  3,493,  left  3,457.  Pulse  81.  The  right  radial  pulse  was  surprisingly 
difficult  to  feel  considering  the  fair  blood  flow. 

The  blood  flow  for  the  right  hand  at  this  examination  was  6.96  gm.  per  100 
cc.  per  minute,  and  for  the  left  hand  2.54  gm.  .  (for  11  minutes  in  the  calorim- 
eters), with  room  temperature  23.8°.  For  the  right  hand  this  is  practically 
the  same  as  on  Oct.  26,  1914,  four  months  earlier,  considering  the  higher  room 
temperature  at  the  second  examination.  In  the  left  hand,  however,  the  flow  is 
twice  as  great  as  on  the  first  occasion,  so  that  the  ratio  of  the  hand  flows  is 
now  1 : 2.74,  indicating  a  great  improvement  in  the  collateral  circulation  in  the 
left  hand.  This  is  quite  in  accordance  with  the  general  condition  of  the  hands. 
There  is,  of  course,  still  a  decided  mechanical  obstruction  on  the  left  side,  and 
the  new  ratio  of  the  hand  flows  is  stable  for  successive  measurements  made 
at  short  intervals,  as  shown  by  the  third  examination. 

Third  Examination. — Feb.  26,  1915.  The  pulse  rate  was  considerably  greater 
than  at  the  last  examination,  and  the  superficial  veins  of  the  hands  were  dis- 
tinctly better  filled.  The  veins  of  the  right  hand  were  fuller  than  those  of  the 
left,  and  the  resistance  to  compression  of  the  veins  by  the  finger  was  greater  in 
the  right  hand.  The  pulse  was  felt  in  the  right  brachial  although  not  strongly, 
and  was  not  felt  in  the  left  brachial.  Feet  in  bath  at  2.11  p.m.,  in  calorimeters  at 
2.25V2,  out  of  calorimeters  at  2.49.  Pulse  102,  counted  in  the  carotid,  as  it  was 
difficult  to  count  it  at  the  right  wrist,  although  regular. 
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Cooling  of  foot  calorimeters  in  31  minutes,  right  0.37°,  left  0.48°.  Volume 
of  right  foot  1,132  cc.  of  left  1,199  cc.  Water  equivalent  of  foot  calorimeters 
with  contents,  right  3,812,  left  3,862. 

Hands  in  bath  at  3.13H  p.m.,  in  calorimeters  at  Z-^^A,  and  out  of  calorimeters 
at  3.36. 
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Cooling  of  hand  calorimeters,  o.i6°  for  right  and  left  in  i6  minutes.  Volume 
of  right  hand  497  cc.  of  left  hand  457  cc.  Water  equivalent  of  calorimeters 
with  contents,  right  3.492,  left  3,460.     Rectal  temperature  37.85°. 

The  blood  flow  in  the  right  -hand  on  Feb.  26  was  9.98  gm.,  and  in  the  left 
hand  3.70  gm.  per  100  cc.  per  minute  for  the  last  10  minutes  in  the  calorimeters, 
with  average  room  temperature  24°  C.  The  flow  in  both  hands  is  considerabl}'^ 
greater  than  two  days-  previously,  corresponding  to  the  increased  pulse  rate,  but 
the  ratio  is  exactly  the  same  ( i :  2.70) .  The  flow  in  the  right  foot  was  only  0.70 
gm.  per  100  cc.  per  minute  eveij  with  the  increase  in  the  general  circulation,  a  con- 
siderably smaller  flow  than  at  the  first  examination,  four  months  previously,  while 
the  flow  in  the  left  foot  was  6.50  gm.,  with  room  temperature  23.5°  C,  a  great 
increase.  The  ratio  between  the  flows  in  the  two  feet  was  i :  9.28,  which  shows 
a  decided  decrease  in  the  circulation  in  the  right  foot.  This  agrees  completely 
with  the  other  signs  of  deterioration,  and  suggests  the  probability  of  impending 
gangrene.  The  flow,  actually  measured  in  the  right  foot,  is  probably  still  suffi- 
cient to  nourish  the  tissues,  since  considerably  smaller  flows  have  not  infre- 
quently been  met  with  in  other  conditions  without  gangrene.  But  should  a 
further  examination  show  that  the  diminution  in  the  flow  is  still  progressing, 
that  of  itself  would  be  sufficient  to  indicate  a  grave  prognosis.  It  is  an  interest- 
ing fact  that  the  ratio  of  the  sum  of  the  foot  flows  to  the  sum  of  the  hand  flows 
(i :  1.90)  is  precisely  the  same  as  four  months  ago,  in  spite  of  the  great  changes 
in  the  ratios  between  the  two  hand  flows  and  between  the  two  foot  flows,  and 
in  the  absolute  amount  of  both  foot  and  hand  flows.  This  suggests  that  the 
blocking  of  the  vascular  path  to  one  leg  (doubtless  the  diminution  in  the  flow 
extends  to  the  whole  of  the  right  posterior  extremity)  is  associated  with  a 
reciprocal  dilatation  of  the  path  to  the  other  leg,  so  that  the  normal  partition 
of  the  blood  between  the  legs  and  the  rest  of  the  body  is  scarcely  disturbed. 
That  is  to  say,  the  blood  which  normally  finds  its  way  through  the  two  common 
iliacs  seems  eventually,  when  the  main  part  of  the  path  from  one  common  iliac 
is  blocked,  still  to  find  its  way  through  the  one  which  remains  pervious,  the  nor- 
mal limb  making  room,  it  maj'  be  supposed  by  vasodilatation,  for  an  additional 
quantity  of  blood. 

It  would,  of  course,  be  rash  to  generalize  from  one  or  two  measurements 
of  this  kind,  but  the  result  in  this  case  is  so  precise  that  it  needs  an  explanation. 
If  we  reflect  that  one  important  function  of  the  circulation,  and  relatively  more 
important  in  the  limbs  than  elsewhere  on  account  of  the  greater  proportion  of 
their  surface  to  their  mass,  is  the  elimination  of  heat,  it  will  not  appear  fan- 
tastic to  suggest  that  when  the  blood  flow  through  the  skin  of  one  leg  is  greatly 
interfered  with,  it  might  be  advantageous  for  the  flow  through  the  skin  of  the 
other  leg  to  be  accelerated.  The  same  consideration  applies  to  the  muscles  in 
so  far  as  interchange  between  them  and  the  other  tissues  is  of  general  utility  in 
the  metabolism.  The  regulation  of  the  blood  pressure  may  also  be  facilitated 
by  such  a  redistribution  of  the  blood,  which,  if  it  occurs,  may  be  assumed  to 
be  brought  about,  mainly  at  any  rate,  through  the  vasomotor  system.  An  oc- 
clusion coming  on  gradually  and  never  becoming  complete  presents,  of  course, 
different  conditions  from  a  complete  occlusion  caused  by  ligation  of  large  ar- 
teries or  by  amputation.     One  important  diff'erence  is  that  the  tissues   fed  by 
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the  partially  occluded  vessels  continue  to  contribute  to  the  total  metabolism  of 
the  body  and  to  the  heat  production,  and  must  therefore  to  some  extent  in- 
fluence the  blood  flow  in  the  surfaces  from  which  heat  is  lost  and  the  organs 
concerned  in  excretion. 

Xote  Added  May  7,  1915. — Another  examination  of  the  blood  flow  in  Costa 
B.  was  made  on  Apr.  7.  The  flow  in  the  left  hand  was  3.43  gm.  per  100  cc.  per 
minute,  and  in  the  right  hand  13.11  gm.,  with  room  temperature  24.5°  C.  (ratio 
1 : 3.82).  In  the  feet  the  flows  were  1.51  gm.  and  7.43  gm.  for  the  right  and  left, 
respectively,  with  room  temperature  23.3°  C.  (ratio  1:4.92).  The  ratio  of  the 
combined  foot  flows  (per  100  cc.  per  minute)  to  the  combined  hand  flows  was 
1:1.85;  i.  e.,  practically  the  same  as  at  the  previous  examinations.  The  man 
died  on  May  4.  For  4  days  before  death  the  right  leg  and  foot  had  been  numb 
and  discolored  bj-  subcutaneous  hemorrhages.  At  the  necropsy  the  right  common 
iliac  arter\-  was  found  completely  occluded  by  an  old  organized  thrombus  firmly 
adherent  to  the  artery.  A  similar  thrombus  occupied  the  left  subclavian  artery. 
A  fresh  thrombus  was  found  in  the  left  external  iliac  artery.  It  was  freely 
movable.  There  was  marked  mitral  stenosis  with  hypertrophy  of  the  left  auri- 
cle, and  the  valve  was  covered  with  vegetations. 

An  apparent  instance  of  a  reciprocal  relation  of  the  lymph  flow  and  blood 
flow  in  a  part  which  leads  to  increased  blood  flow  when  the  outflow  of  lymph 
is  obstructed  was  observed  in  a  case  already  reported.''  The  case  was  diagnosed 
as  Hodgkin's  disease.  There  was  great  and  persistent  edema  in  both  legs  and  no- 
where else  in  the  body.  The  swelling  remained  quite  unaltered  during  the  five 
weeks  of  the  man's  stay  in  the  hospital.  It  coincided  with  a  relativelj'  good 
blood  flow  in  the  feet,  which  was  interpreted  as  indicating  that  the  obstruction 
responsible  for  the  edema  was  on  the  lymph  path  rather  than  on  the  venous 
path.  The  flow  in  the  feet  was  particularly  large  in  proportion  to  that  in  the 
hands  (ratio  of  combined  foot  flows  to  combined  hand  flows  1:0.96).  The  sum 
of  the  foot  flows  per  100  cc.  of  part  per  minute  actuallj'  exceeded  slightly  the 
sum  of  the  hand  flows,  a  very  rare  condition  in  our  observations.  It  was  sug- 
gested that  far  from  being  interfered  with,  the  blood  circulation  in  the  edematous 
legs  was  accelerated  through  local  vasodilatation. 

It  is  known  that  the  exchange  between  the  blood  in  the  capillaries  and  the 
tissues  does  not  consist  merely  in  the  passage  of  materials  out  of  the  blood,  but 
also  in  the  passage  of  materials,  including  water,  from  the  tissues  into  the 
blood.  The  intracellular  liquids  and  tissue  lymph  are  naturally  in  relation  both 
with  the  blood  and  with  the  lymphatic  lymph,  and  their  normal  composition  is 
maintained  by  interchange  with  both.  Is  it  not  probable  that  when  the  lym- 
phatic channels  are  blocked,  and  the  elimination  of  waste  products  and  the  regu- 
lation of  the  quantity  of  tissue  lymph  by  way  of  the  lymphatics  interfered  with, 
the  flow  in  the  alternative  channels,  the  blood  capillaries,  may  be  increased,  so 
as  to  increase  the  excretion  by  way  of  the  blood?  The  associated  vasodilata- 
tion may  very  well  be  brought  about  by  the  accumulation  of  one  or  another  of 
the  waste  products. 

In  the  next  case  the  question  was  raised  at  the  clinical  examination 
whether  the  circulatory  changes  observed  in  one  hand  could  be  at- 
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tributed  to  injury  or  irritation  of  the  brachial  plexus  or  some  of 
its  constituent  cords.  The  blood  flow  measurements  indicated  clearly 
that  the  phenomena  were  due  to  mechanical  obstruction  on  the 
arterial  path  of  the  limb,  and  further,  a  point  of  importance  in  con- 
nection with  the  question  whether  operative  interference  was  ad- 
visable, that  the  blood  flow  in  the  affected  hand  was  quite  sufficient 
to  nourish  the  part. 

Walter  L.,  aged  25  years,  height  5  feet  10  inches,  weight  210  pounds,  a 
powerfully  built  man,  well  nourished,  with  a  good  deal  of  subcutaneous  fat, 
was  admitted  to  the  City  Hospital  on  Oct.  25,  1914,  suffering  from  a  gunshot 
wound.  His  partner  who  was  shooting  rats  with  a  small  rifle  at  the  lunch  hour 
accidentally  shot  him,  the  bullet  (caliber  No.  22)  entering  the  right  side  of  the 
chest  close  to  the  sternum  and  lodging  near  the  right  shoulder,  as  was  after- 
wards shown  by  the  x-ray.  He  drove  home  and  then  came  at  once  to  the  hos- 
pital. The  wound  bled  at  first  with  a  squirt,  but  soon  stopped  and  has  not  bled 
much  since.  The  other  man  was  5  feet  8  inches  in  height  and  the  gun  was  pointed 
directly  at  the  front  of  the  patient  and  slightly  upward.  The  general  course  of 
the  bullet  when  it  struck  the  patient  was  slightly  upward,  and  very  slightly  to 
his  right.  On  admission  he  complained  of  a  continual  dull  ache  localized  under 
the  armpit,  and  of  pain  when  he  breathed  deeply.  The  fingers  of  the  right  hand 
are  numb,  but  he  can  move  them  perfectly  well.  There  is  a  tendency  for  the 
thumb  and  forefinger  to  flex  themselves. 

Nov.  I.  He  complains  that  the  fingers  of  the  right  hand  remain  flexed 
rather  than  straight,  and  says  that  he  must  lay  his  hand  upon  something  to  keep 
the  fingers  from  doubling  up.  It  appears  as  if  the  median  nerve  were  irritated. 
He  can  now  move  his  right  shoulder  a  little  in  all  directions.  There  is  a  large 
hematoma  in  the  axillary  region,  and  the  ecchymosis  extends  downwards  to 
the  waist  line  and  also  above  the  deltoid.  On  Nov.  4  he  complains  of  severe 
pain  in  the  deltoid  region.  On  Nov.  5  the  amplitude  of  the  right  radial  pulse 
is  less  than  that  of  the  left.  The  pulse  is  regular.  On  Nov.  6  he  still  complains 
of  his  hand.  The  index  and  middle  fingers  now  seem  to  be  extended  most  of 
the  time.  On  Nov.  11  there  seems  to  be  no  pain  in  the  arm,  and  the  patient  is 
allowed  to  be  up.  The  index,  middle  finger,  and,  to  a  less  extent,  the  thumb 
are  numb.  Tactile  sensation  and  pain  sensation  are  diminished  on  the  palmar 
surface  of  these  fingers  and  on  the  dorsal  surface  of  their  two  last  phalanges. 
The  skin  on  the  palmar  surface  over  the  median  nerve  distribution  right  up  to 
the  wrist  is  scaly,  while  the  ulnar  area  of  the  palmar  surface  is  normal.  The 
finger  nails  on  the  right  hand  have  grown  less  than  on  the  left  hand.  The 
inner  portion  of  the  thenar  eminence  is  atrophied.  The  grip  between  the  little 
and  ring  fingers  is  less  strong  than  in  the  left  hand.  The  inequality  in  the  radial 
pulses  continues.  The  x-ray  shows  the  bullet  in  the  axilla  about  one  inch  below 
the  lower  lip  of  the  glenoid. 

The  question  was  put  by  the  surgeon  in  charge  of  the  case, 
whether  the  diminished  pulse  could  be  attributed  to  injury  of  the 
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brachial  plexus  or  to  pressure  on  it,  and,  in  particular,  whether  the 
blood  flow  in  the  affected  hand  was  so  much  diminished  as  to 
threaten  gangrene  and  therefore  to  call  for  surgical  interference. 

First  Examination  of  Blood  Flow. — Walter  L.  Nov.  13, 1914.  Hands  in  bath 
at  2.10  p.m.,  in  calorimeters  at  2.20^.  At  2.38  left  hand  put  into  water  at  8.2°  C. 
At  2.50  left  hand  put  into  water  at  44°.    At  3.04  right  hand  out  of  calorimeter. 
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Cooling  of  calorimeters,  right  0.21°  in  15  minutes,  left  0.545°  "i  41  minutes. 
Volume  of  right  hand  503  cc,  of  left  464  cc  Water  equivalent  of  calorimeters 
with  contents,  right  3,497,  left  3468.    Rectal  temperature  3742°  C. 

For  15  minutes  before  the  vasomotor  reaction  was  tested  the  blood  flows 
of  the  two  hands  came  out  5.32  gm.  per  100  cc.  per  minute  for  the  right  hand, 
and  14.76  gm.  for  the  left  hand,  a  ratio  of  i :  2.77,  with  room  temperature  23.2"*. 
When  the  left  hand  was  immersed  in  cold  water  the  flow  in  the  right  hand  was 
diminished  to  4.71  gm.  per  100  cc.  per  minute  for  the  first  two  minutes  of  the 
immersion,  to  3.31  gm.  for  the  next  3  minutes,  and  it  rose  only  to  4.83  gm.  per 
100  cc.  per  minute  during  the  remaining  7  minutes  of  the  period.  The  vasomotor 
reflex  elicited  in  the  right  hand  by  immersion  of  the  left  hand  in  cold  water 
was  accordingly  small.  When  the  left  hand  was  immersed  in  warm  water  the 
flow  in  the  right  hand  sank  to  3.46  gm.  per  100  cc.  per  minute  for  the  first  3 
minutes  of  the  period.  For  the  next  4  minutes  it  rose  slightly  (to  442  gm.),  for 
the  next  3  minutes  to  S.33  gm.,  and  for  the  remaining  4  minutes  of  the  period  to 
7.32  gm.  per  100  cc.  per  minute. 

It  is  clear  that  the  initial  small  flow  in  the  right  hand  is  not  due  to 
a  vasoconstriction  which  can  either  be  much  increased  by  immersion 
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of  the  contralateral  hand  in  cold  water,  or  much  diminished  by  its 
immersion  in  warm  water.  Even  the  maximum  flow  obtained  under 
the  influence  of  the  reflex  vasodilatation  is  scarcely  half  the  normal 
flow  in  the  left  hand.  Such  vasomotor  reflex  reactions  are  among 
the  criteria  of  a  circulation  diminished  by  a  mechanical  block.  In  the 
present  instance  the  mechanical  block  is  not  extreme,  as  shown  by 
the  ratio  of  the  flows,  and  therefore  reflex  vasomotor  effects  on 
the  flow  are  still  obtainable,  although  diminished. 

There  is  in  any  event  no  probability  that  irritation  of  vasoconstric- 
tors by  pressure  would  cause  such  a  great  and  permanent  discrepancy 
between  the  blood  flows  in  the  two  hands.  The  conclusion  was 
therefore  drawn  that  the  deficiency  in  the  circulation  of  the  right 
hand  was  due  to  pressure  on  the  blood  supply  of  the  right  arm 
either  by  the  bullet  itself,  or  by  the  hematoma,  or  by  both.  As  re- 
gards the  question  whether  the  flow  in  the  right  hand  was  danger- 
ously small,  it  could  be  answered  that  it  was  not,  and  that  although, 
of  course,  this  matter  should  be  tested  from  time  to  time,  there  was 
no  reason  to  apprehend  gangrene  with  a  blood  flow  of  this  magni- 
tude. 

Five  days  later  another  observation  was  made  on  the  blood  flow 
with  the  view  of  determining  whether  the  collateral  circulation  was 
increasing.  At  the  time  of  the  second  examination  the  right  hand 
was  in  much  the  same  condition  as  at  the  first  examination,  only  the 
patient  had  observed  that  the  finger  nails  on  the  right  hand  were  now 
beginning  to  grow  although  not  so  fast  as  those  on  the  left  hand. 

Second  Examination.— Fuhe  92.  Hands  in  bath  at  2.07  p.m.,  in  calorimeters 
at  2.165^,  and  out  of  calorimeters  at  2.33. 
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Cooling  of  calorimeters  in  9  minutes,  right  o.n°,  left  0.14°.  Volume  of 
hands,  right  492  cc,  left  466  cc.  Rectal  temperature  37.22°.  Water  equivalent 
of  calorimeters  with  contents,  right  3,489,  left  3,467. 

The  blood  flows  in  both  hands  at  this  examination  were  somewhat  less  than 
on  the  previous  occasion  (3.93  gm.  per  100  cc.  per  minute  for  the  right  hand, 
and  10.76  gm.  for  the  left).  The  ratio,  however,  between  the  flows  in  the  two 
hands  was  unchanged  (i :  2.74).  The  room  temperature  (23°  C.)  was  almost  the 
same  as  at  the  first  examination.  The  fact  that  the  ratio  of  the  flows  is  prac- 
tically identical  with  that  obtained  at  the  first  examination  of  itself  almost 
precludes  the  idea  that  the  deficiency  in  the  right  hand  is  due  to  persistent  irri- 
tation of  vasoconstrictors.  A  stimulation  of  this  kind  could  hardly  remain  con- 
stant for  5  days,  while  a  mechanical  block  might  well  do  so. 

The   patient    was    discharged    from    the    hospital    soon    afterwards. 

The  blood  flow  in  his  hands  was  again  examined  on  Mar.  8,  1915.  Since 
Nov.  28.  1914,  he  has  been  at  w'ork  and  came  to  the  hospital  merely  for  the 
examination.  He  says  that  when  he  first  resumed  work,  whenever  he  flexed 
the  forearm  on  the  elbow  it  was  done  with  a  jerk.  He  finds  that  the  right  hand 
is  still  weaker  than  the  left  and  gets  tired  sooner.  There  is  no  pain  in  it  and 
he  uses  it  freely  in  his  work.  He  has  some  little  difficulty  with  the  right  hand 
in  such  movements  as  those  concerned  in  buttoning  his  clothes.  The  right  arm 
is  not  quite  as  strong  as  the  left.  There  is  now  no  pain  at  the  shoulder  and 
no  trace  of  the  injury  can  be  detected  except  a  small  scar  on  the  right  side  of 
the  chest  at  the  point  of  entrance  of  the  bullet,  which  still  remains  in  the  body, 
no  attempt  having  been  made  to  extract  it.  The  left  radial  pulse  is  distinctly 
stronger  than  the  right.  It  was  not  possible  to  feel  the  right  brachial  artery, 
while  the  left  brachial  pulse  was  strong. 

Third  Examination. — Hands  in  bath  at  2.50  p.m.,  in  calorimeters  at  3.00,  and 
out  of  calorimeters  at  3.15.     Pulse  84. 
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Cooling  of  calorimeters  in  i8  minutes,  right  o.i8°,  left  0.20°.  Volume  of 
right  hand  481  cc,  of  left  493  cc.  Rectal  temperature  37.35°  C.  Water  equiva- 
lent of  calorimeters  with  contents,  right  3,480,  left  3,489. 

The  blood  flow  in  the  right  hand  at  this  last  examination,  no  days  after 
the  previous  one,  was  9.30  gm.  per  100  cc.  per  minute,  and  in  the  left  hand  11.60 
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gm.,  with  an  average  room  temperature  of  24°  C.  The  sum  of  the  flows  in  the 
two  hands  is  only  slightly  greater  than  on  Nov.  13,  1914  (20.9  gm.  as  against 
20.08  gm.),  but  the  distribution  of  the  blood  between  the  two  hands  is  now  very 
different,  the  ratio  being  only  i :  1.24.  Plainly  a  great  improvement  has  occurred 
in  the  interval  in  the  circulation  of  the  right  hand. 

The  volume  measurement  indicates  a  considerable  increase  in  the  left  hand, 
probably  due  to  work  hypertrophy,  as  he  still  must  use  the  left  more  than  the 
right.  There  is  a  smaller  diminution  in  the  volume  of  the  right  hand  due,  it 
is  to  be  supposed,  either  to  absorption  of  a  small  amount  of  edema  fluid  or  to 
slight  atrophy.  No  edema  of  the  hand  was  observed  at  any  time,  but  there 
might  have  been  some  increase  in  tissue  liquid  not  revealed  by  detectable  swell- 
ing. The  mechanical  obstruction  on  the  arterial  path  which  was  responsible 
for  the  diminished  blood  flow  might,  of  course,  have  in  some  degree  involved 
the  venous  outflow  from  the  limb  as  well,  although  not  to  such  an  extent  as  to 
cause  evident  edema.  That  some  pressure  was  exerted  on  nerves  is  indicated  by 
the  spasmodic  contractions  described,  but  there  is  no  evidence  of  serious  injury 
to  nerves.     The  slight  atrophy  may  well  have  been  due  simply  to  disuse. 

Decided  inequalities  in  the  blood  flow  in  the  two  hands  (or  feet) 
not  associated  with  obvious  functional  or  anatomical  differences  and 
not  conforming  to  the  criteria  of  inequalities  due  to  a  mechanical 
cause  are  sometimes  observed  in  clinical  cases,  particularly,  in  my 
experience,  in  neuropathological  conditions.  The  great  characteristic 
of  these  inequalities  of  flow  is  their  instability.  Not  only  does  the 
ratio  of  the  flow  in  the  two  hands  vary  widely  in  examinations  on 
successive  days,  without  any  apparent  clinical  change  to  account  for 
the  variation,  but  the  ratio  may  one  day  be  in  favor  of  one  hand 
and  the  next  day  in  favor  of  the  other,  or  the  two  flows,  greatly  dif- 
ferent in  amount  at  one  examination,  may  be  found  equal  at  the 
next.  A  change  in  the  external  conditions  (such  as  a  sufficient  in- 
crease or  diminution  of  the  air  temperature)  which  are  known  to 
affect  the  vasomotor  system  is  especially  apt  to  alter  or  reverse  the 
ratio. 

For  this  reason  it  is  suggested  that  some  vasomotor  peculiarity  is 
responsible  for  the  circulatory  changes  in  these  cases,  and  inequal- 
ities in  the  blood  flow  which  possess  the  criterion  mentioned  are  in- 
terpreted as  depending  on  vasomotor  rather  than  mechanical  con- 
ditions.    The  results  on  a  typical  case  (Thomas  Q.)  will  be  given. 

The  patient,  a  man  36  years  of  age,  when  he  first  came  under  observation 
was  suffering  from  alcoholic  neuritis  affecting  particularly  the  feet.  There 
was  no  recognizable  clinical  difference  between  the  two  sides.  Yet  notable  dif- 
ferences in  the  blood  flow  were  made  out,  which,  however,  were  not  stable  from 
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daj'  to  day  and  were  therefore  interpreted  as  depending  upon  vasomotor  dif- 
ferences on  the  two  sides  not  so  easily  abolished  or  perhaps  more  easily  produced 
than  in  normal  persons  by  the  preliminarj'  bath  and  the  subsequent  long  im- 
mersion in  the  calorimeters.  About  a  year  after  the  first  series  of  examina- 
tions the  patient  was  again  seen  in  the  hospital,  this  time  suffering  from  (tuber- 
cular) pleurisy  with  febrile  temperature  in  addition  to  the  neuritis.  The  change 
in  the  chnical  picture  was  very  decided  and  so  was  the  change  in  the  results  of 
blood  flow  measurements.  The  marked  tendency  to  cutaneous  vasoconstriction 
already  found  associated  with  fever*  was  reflected  in  a  greatly  diminished  hand 
and  foot  flow. 

Thomas  Q.,  a  railroad  clerk,  aged  36  years,  was  admitted  to  the  City  Hos- 
pital on  May  24,  1912.  suffering  from  chronic  alcoholism,  with  alcoholic  neuritis. 
He  has  been  drinking  for  his  entire  life.  Two  years  ago  he  had  "  alcoholic 
paralysis  "  and  collapsed  while  he  was  walking  along  the  street  after  being  at 
a  dance.  His  limbs  gave  way  but  he  did  not  lose  consciousness  and  resumed  his 
work  after  four  dajs.  His  legs  swelled  and  became  painful,  so  he  stopped  work 
and  went  to  a  hospital.  For  the  past  year  he  has  had  painful  micturition,  es- 
pecially after  a  drinking  bout.  In  18  months  his  weight  has  declined  from  204 
to  147  pounds,  and  his  strength  has  diminished.  He  has  had  night  sweats  at 
intervals  and  his  appetite  has  become  poor.  He  has  been  drinking  heavily  since 
March.  The  legs  and  feet  are  equally  untrustworthy  in  walking.  He  feels  no 
difference  between  the  right  and  left.  The  feet  feel  rather  cold  to  him  and 
recenth'  there  has  been  a  tendency  lor  chilblains  to  form  on  them.  He  is  ner- 
vous. There  is  tremor  of  the  tongue  and  lips.  The  pupils  react  to  light  and  ac- 
commodation. The  knee  jerk  is  absent  on  both  sides.  There  is  no  special  defect 
of  sensation.  There  is  pain  on  pressure  over  the  nerve  trunks  of  both  lower 
extremities.     The  upper  extremities  show  nothing  special. 

On  May  29,  1912,  the  flow  in  his  feet  was  measured.  It  came  out  1.43  gm. 
per  100  cc.  per  minute  for  the  right  and  2.44  gm.  for  the  left  (^ratio  i :  1.70), 
with  the  rather  low  room  temperature  of  21.5°.  On  May  31  the  flow  in  the 
right  foot  was  3.39  gm.  per  100  cc.  per  minute,  and  in  the  left  foot  3.87  gm. 
(ratio  1:1.14),  with  room  temperature  254°.  These  flows  are  of  the  normal 
order  of  magnitude.  Slight  and  transient  reflex  diminution  of  the  flow  in  the 
left  foot  was  caused  by  immersion  of  the  right  foot  in  cold  water  and  a  marked 
temporary  diminution  when  the  right  foot  was  transferred  to  warm  water. 
The  subsequent  increase  of  flow  in  the  left  foot,  while  the  right  continued  in 
the  warm  water,  only  carried  the  flow  slightly  above  the  initial  level.  The  much 
smaller  flows  in  the  feet  on  May  29  were  probably  due  to  the  increased  sensi- 
tiveness of  these  cases  to  vasoconstrictor  stimulation  occasioned  by  the  con- 
siderably lower  room  temperature,  for  which  there  is  other  evidence.  With 
the  increased  vasodilatation  in  both  feet  on  May  31  the  difference  between  them, 
if  of  vasomotor  origin,  would  tend  to  become  less. 

Two  examinations  of  the  hands  were  made  at  this  time.  On  June  4,  with 
room  temperature  25°  C,  the  flow  in  the  right  hand  was  8.51  gm.  per  100  cc 
per  minute,  in  the  left  13.20  gm.  (ratio  1:1.55).  The  hands  were  not  notice- 
ably affected  by  neuritis  at  this  time,  but  l^ter  on  he  returned  to  the  hospital 

*  Stewart,  Jour.  Exper.  Med.,  1913,  xviii,  372. 
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with  wrist  drop  in  addition  to  foot  drop.  The  difference  in  the  flow  in  the  two 
hands  on  subsequent  examination  was  not  found  to  be  permanent,  and  it  was 
therefore  interpreted  as  due  to  a  functional  difference  in  vasomotor  innervation. 
Immersion  of  the  right  hand  in  warm  water  caused,  after  a  very  slight  and 
transient  diminution  in  the  flow  (to  9.82  gm.  for  one  minute),  one  of  the  greatest 
reflex  increases  witnessed  in  the  whole  series  of  observations;  viz.,  to  17.08  gm. 
per  100  cc.  per  minute.  Immersion  of  the  right  hand  in  cold  water  was  accom- 
panied by  a  transient  diminution  in  flow  in  the  left  hand  (to  5.58  gm.  per  100 
cc.  per  minute  for  the  first  3  minutes),  the  flow  then  increasing  to  10.22  gm. 
per  100  cc.  per  minute  for  the  remaining  7  minutes,  during  which  the  right  hand 
continued  in  the  cold  water. 

First  Examination  of  Blood  Flow. — Thomas  Q.  Examination  of  blood  flow 
in  the  feet,  May  31,  1912.  Pulse  108.  Feet  in  bath  at  2.40H  p.m.,  in  calorimeters 
at  2.5514.  3.740  cc.  of  water  in  each  calorimeter.  At  3.13  p.m.  the  right  foot 
was  immersed  in  cold  water  at  9°  C.     He  felt  it  very  cold  and  complained  much. 


Temperature 

1 
of          j 

Time. 

Temperature  of 

Time. 

Calorimeters. 

Room   1 

Left  calo- 
rimeter. 

Room. 

Notes. 

Kight. 

Left. 

2.54 

31.42      31.40 

3-22 

32.25 

2.57 

31.43      31.42 

25-3 

3-23 

32.285 

25.5 

2.59 

31.50      31.50 

25.3 

324 

32.31 

\ 

3.0I 

3-03 

31.56      31.56 
31.61      31.63 

253 

325 
3.26 

32.35 
32.40 

1 

At  3.26  rt.  foot  put  in  water 'at 

3-05 

31.675   31.70 

327 

32.41 

43°  C. 

3.06 

31.72      31.75 

3.28 

32.425 

3-07 

31.75      31.79      25.4 

i  3.29 

32.45 

3-09 

31.805    31.86 

3-30 

32.49 

25.7 

3-II 
3.13 
3-15 
3-17 
3-i8 

31.88      31-93 

31-93  :  32.00 

;  32.07 

t  32.11 

32.14 

25.4s 

25.5 

3.31 
3.32 
3.33 
3-34 
3.35 

32.525 

32.525 

32-58 

32.60 

32.635 

1 

Stirring    was    brief    and    insuf- 
ficient. 
Stirring  insuflScient. 
Foot  out  of  calorimeter. 

3.19 

32.165 

3-44 

32.52s 

1 

Rt.  is  now  at  31.595°  C. 

3.20 

32.21  1 

3.21 

32-23    1 

Cooling  of  calorimeters,  right  0.335  in  31  minutes,  left  o.ii  in  9  minutes. 
Volume  of  right  foot  in  calorimeter  1,311  cc,  of  left  foot  1,290  cc.  Water 
equivalent  of  calorimeters  with  contents,  right  4,857,  left  4.843.  Rectal  tem- 
perature 37-35°- 

Second  Examination. — Examination  of  flow  in  hands,  June  4,  1912.  Hands 
in  bath  at  2.23  p.m.,  in  calorimeters  at  2.33.  At  2.47  p.m.  the  right  hand  was  put 
into  water  at  8°  C. ;  at  2.57  into  water  at  43°.  At  3.07  p.m.  the  left  hand  was 
taken  out  of  the  calorimeter. 

Cooling  of  calorimeters,  right  0.33°  in  39  minutes,  left  0.13°  in  9?/2  minutes. 
Volume  of  right  hand  460  cc,  of  left  hand  437  cc.  Water  equivalent  of  calorim- 
eters with  contents,  right  3.463,  left  3,445.     Pulse  100.     Rectal  temperature  37.5- 
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That  the  cause  of  the  inequality  between  the  flows  in  the  two  hands  observed 
on  June  4,  1912,  was  a  transient  functional  difference  is  indicated  by  the  result 
of  the  third  examination  on  the  following  day  (June  5).  Here  with  a  lower 
room  temperature  (22.4°)  the  flow  was  reduced  in  both  hands,  but  far  more 
in  proportion  in  the  left  (7.31  gm.  per  100  cc.  per  minute  for  the  right,  7.35 
gm.  for  the  left  hand).  The  excess  in  the  flow  in  the  left  hand  is,  however,  in 
reality  somewhat  greater  than  the  numerical  results  indicate.  For  the  left  hand 
had  suffered  the  loss  of  a  portion  of  the  thumb  by  amputation  a  while  ago.  and 
the  ratio  between  its  surface  and  its  mass  was  therefore  diminished.  Also  the 
man  is  right  handed  and  in  right  handed  persons  the  flow  per  100  cc.  of  volume 
is  usually  somewhat  greater  than  the  left. 

Third  Examination. — June  5,  1912.  He  says  he  is  feeling  well  and  can  walk 
fairly,  although  he  soon  gets  tired.  He  was  out  on  the  hospital  grounds  yes- 
terday and  todaj-.  Hands  in  bath  at  1.2214  p.m..  in  calorimeters  at  1.32,  out  of 
calorimeters  at  1.50.     Pulse  no. 
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Cooling  of  calorimeters  in  8  minutes,  right  0.12°,  left  0.11°.  Volume  of 
right  hand  468  cc,  of  left  hand  436  cc.  Water  equivalent  of  calorimeters  with 
contents,  right  3,4^9,  left  3,444.     Rectal  temperature  37.7°. 

Thomas  Q.  was  discharged  from  the  hospital  on  June  29,  1912,  and  was  re- 
admitted on  Jan.  19,  1913.  He  has  been  drinking  for  4  weeks  and  is  decidedly 
worse  than  at  the  previous  admission.  He  cannot  walk  at  all  and  has  wrist 
drop  of  both  hands.  He  first  noticed  the  wrist  drop  the  day  he  came.  In  both 
extremities  the  extensor  muscles  are  more  involved  than  the  flexors.  The 
nerve  trunks  are  tender,  the  reflexes  absent.  He  was  treated  by  hot  baths  and 
massage  of  the  extensor  muscles.  He  states  that  if  he  is  made  to  sit  around 
even  a  few  minutes  after  the  bath  he  gets  a  severe  chill  lasting  20  to  30  minutes, 
which  does  not  occur  if  he  is  put  straight  to  bed.  He  never  has  a  chill  except 
after  the  hot  bath.  This  is  of  interest  as  it  corresponds  with  the  evidence  of 
increased  susceptibility  to  reflex  vasoconstriction  of  the  cutaneous  blood  vessels 
deduced  from  the  blood  flow  examinations.  The  flow  in  the  hands  was  exam- 
ined on  May  21  and  again  on  May  24,  1913,  and  the  flow  in  the  feet  on  May  24. 
At  this  time  he  had  some  fever  and  on  May  29  the  physical  signs  of  pleurisy 
were  found.  On  June  15  and  again  on  June  18,  1913,  tubercle  bacilli  were  found 
in  the  sputum,  and  he  was  sent  to  the  sanitarium  on  June  24. 

When  examined  on  May  21,  1913,  nearly  a  year  after  the  first  examination, 
the  blood  flow  in  the  right  hand  was  found  to  be  only  4.49  gm.  per  100  cc.  of 
hand  per  minute,  and  in  the  left  hand  3.06  gm.  (ratio  i :  1.46),  with  the  relatively 
high  room  temperature  of  26.4°  C.  These  flows  were  for  the  last  12  minutes 
in  the  calorimeters.  His  rectal  temperature  was  much  above  the  normal 
(40.45°  C),  and  the  tendency  to  vasoconstriction  associated  with  fever  is  no 
doubt  a  factor  in  the  small  flow.  This  tendency  is  illustrated  by  the  tardiness 
with  which  the  rate  at  which  the  thermometers  rose  became  steady.  Three 
days  later  (on  May  24,  1913)  the  flow  in  the  hands  was  still  smaller  (2.31  gm. 
per  100  cc.  per  minute  for  the  right  hand  and  2.26  gm.  for  the  left  hand,  for  12 
minutes  in  the  calorimeters  before  the  testing  of  the  vasomotor  reaction,  with 
room  temperature  23.2°  C).  Calculated  for  the  last  7  minutes  of  this  period  the 
flows  were  only  1.71  and  1.58  gm.  per  100  cc.  per  minute  for  the  right  and  left 
hands  respectively,  denoting  a  great  tendency  to  the  onset  of  vasoconstriction. 
A  rapidly  increasing  vasoconstriction  revealed  by  a  decrease  in  the  rate  of  heat 
loss  to  the  calorimeters  has  been  observed  in  other  cases  of  fever;  for  instance, 
in  pneumonia  before  the  rapid  rise  of  body  temperature.  In  one  case  in  which 
the  condition  had  not  as  yet  reyealed  itself  clearly  by  the  physical  signs,  this 
behavior  of  the  hands  in  the  calorimeters  suggested  the  onset  of  fever,  the 
temperature  rose  nearly  5°  F.  within  eight  hours,  and  the  next  day  physical 
signs  of  pneumonia  were  present. 

During  immersion  of  the  right  hand  in  warm  water,  the  flow  in  the  left,  far 
from  being  increased,  was  actually  diminished  (to  1.31  gm.  per  100  cc.  per 
minute),  a  further  illustration  of  the  increasing  vasoconstriction,  which  cannot 
be  overcome  by  the  reflex  vasodilatation  normally  associated  with  immersion  of 
the  contralateral  hand  in  warm  water.  The  patient  felt  worse  than  at  the  last 
examination. 

The  flow  in  the  feet  was  also  abnormally  small   (0.84  gm.  per   100  cc.  per 
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minute  for  the  right  foot,  and  0.87  gm.  for  the  left  for  a  period  of  20  minutes 
in  the  calorimeters,  with  room  temperature  23.3°  C.)-  For  the  last  10  minutes 
of  this  period  the  flows  were  only  0.77  and  0.72  gm.  per  100  cc.  per  minute  for 
the  right  and  left  foot,  respectively,  showing  that  the  vasoconstriction  was  in- 
creasing in  the  feet  also  with  the  duration  of  immersion.  Natufally  with  a 
tendency  to  vasoconstriction  manifested  so  strongly  in  both  hands  and  feet,  the 
ratio  of  foot  to  hand  flow  (1:2.6)  Hes  within  the  normal  limits,  whereas 
with  a  lesser  degree  or  less  general  distribution  of  the  vasoconstriction  this 
ratio  is  apt  to  be  markedly  disturbed  in  favor  of  the  hand  flow. 

Cases  do  occur,  although  in  my  experience  quite  rarely,  in  which 
without  any  obvious  reason  a  marked  inequality  in  the  flow  in  the 
two  hands  is  present  and  persists  indefinitely,  without  reversal  of  the 
ratio.  The  ratio,  however,  is  unstable,  varying  greatly  from  day 
to  day,  and  this  differentiates  the  condition  from  inequalities  of 
mechanical  origin  and  places  it  in  the  vasomotor  group.  This  con- 
dition is  illustrated  in  the  case  of  William  F. 

William  F.,  a  laborer,  aged  50  years,  was  admitted  to  the  City  Hospital  on 
March  22,  1912,  suffering  from  "  combined  system  disease."  His  illness  began 
last  June  with  difficulty  in  walking,  and  this  has  become  rapidly  worse.  Some- 
times he  almost  falls.  About  three  months  before  admission  he  had  a  severe 
nose-bleed  lasting  for  three  nights  without  known  cause.  For  the  past  year  he 
has  suffered  from  severe  frontal  headache  lasting  from  six  to  twenty- four  hours. 
He  also  complains  of  pain  in  the  pit  of  the  stomach  coming  on  after  eating.  No 
vomiting.  He  sweats  much  at  night,  and  the  sweats  are  followed  by  chills. 
The  sweating  is  so  copious  that  his  gown  is  soaked  in  five  minutes.  He  says 
he  used  to  be  "  hot-blooded,"  wearing  no  overcoat  in  winter,  but  now  he  is  al- 
ways chilly.  His  feet  get  cold  as  ice  in  bed.  His  hands  also  get  cold  now, 
although  not  so  readily  as  the  feet.  When  he  goes  to  bed  at  night  his  feet  are 
apt  to  be  swollen,  but  the  swelling  is  all  gone  in  the  morning.  He  had  chancre 
twenty  years  ago  and  it  was  not  treated.  He  is  married  but  never  had  any 
children.  His  wife  had  two  or  three  miscarriages.  He  does  not  drink  or  chew 
tobacco.  He  walks  with  a  spastic  gait.  Knee  jerks  exaggerated,  and  ankle 
clonus  can  be  elicited  on  both  .sides.  There  is  some  toe  drop  on  the  left  side. 
He  says  he  has  pain  all  the  time  in  his  "  bones,"  in  the  legs  and  back,  but  not 
much  pain  in  the  arms.  There  seems  to  be  some  loss  of  sensation  in  the  left 
leg,  and  he  cannot  always  tell  the  difference  between  warmth  and  cold  there. 
Pain  perception  is  prompt,  and  vibration  sense  good.  His  power  of  localiza- 
tion is  somewhat  impaired.  He  can  stand  with  his  eyes  closed.  Both  pupils 
react  normally  to  light.  No  obvious  wasting  of  the  hands.  The  grip  of  both 
hands  is  fairly  good,  the  right  somewhat  stronger  than  the  left.  He  can  not 
write  now,  although  a  well  educated  man.  Blood  count  on  Mar.  24,  1912, 
er>'throcytes  5,480,000,  leucocytes  7.400.  Mar.  29,  Wassermann  test  negative. 
Apr.  17,  spinal  fluid  clear.  Cell  count  6  per  cc.  X-ray  examination  negative. 
Urine,  nothing  special.    Heart   examination  negative.    The  blood  flow   in  the 
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hands  was  examined  on  Apr.  24,  1912,  and  that  in  the  hands  and  feet  the  fol- 
lowing day  (Apr.  25). 

First  Examination  of  Blood  Floiv. — William  F.  Apr.  24,  1912.  Hands  in 
bath  at  2.43  p.m.,  in  calorimeters  at  2.52.  At  3.15  p.m.  left  hand  put  into  water 
at  44°  C.  Pulse  100.  Mouth  temperature  36.65°.  At  3.29  left  hand  put  in 
water  at  S°  C.  At  3.41  left  hand  put  in  water  at  43°  C.  At  3.48  hand  out  of 
calorimeter. 
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Cooling  of  calorimeters,  right  0.11°  in  SYz  minutes,  left  0.41°  in  41^  minutes. 
Volume  of  right  hand,  517  cc,  of  left  hand  523  cc.  Water  equivalent  of  calorim- 
eters with  contents,  right  3,509,  left  3,513.     Rectal  temperature  37.4°  C. 

On  Apr.  24  the  flow  in  the  right  hand  came  out  4.20  gm.  per  100  cc.  per 
minute;  in  the  left,  i.ii  gm.  (ratio  1:3.78),  with  room  temperature  22.5°,  an 
average  flow  much  below  the  normal.  Immersion  of  the  left  hand  in  warm 
water  caused  a  good  contralateral  vasomotor  reflex,  indeed  considering  the  long 
duration  of  the  vasodilatation,  an  exaggerated  one.  The  vasodilatation  was  pre- 
ceded in  the  normal  way  by  a  good  vasoconstriction  for  the  first  3  minutes  of 
immersion  of  the  left  hand.  The  diminution  of  the  flow  in  the  right  hand  on 
immersion  of  the  left  in  cold  water  was  also  prompt,  substantial,  and  durable. 
The  next  day  the  flow  in  the  right  hand  was  5.83  gm.,  in  the  left  3-11  g™- 
(ratio  1:1.87),  with  room  temperature  23.5°,  still  a  marked  preponderance  in 
favor  of  the  right  hand. 

In  the  feet  the  flow  was  remarkably  small  but  the  relative  preponderance  in 
the  right  foot  was  precisely  the  same  as  in  the  right  hand,  the  ratio  of  the  flow 
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in  the  right  hand  to  that  in  the  right  foot  being  15:1.  and  the  corresponding 
ratio  for  the  left  hand  and  foot  also  15:  I-  Immersion  of  the  left  foot  in  warm 
water  caused,  if  an>thing.  a  diminution  of  the  flow  in  the  right  foot,  but  the 
change  was  insignificant. 

The  patient  was  discharged  from  the  hospital  at  his  own  request  on  May 
12.  and  readmitted  on  May  31,  1913.  On  June  6,  1912,  the  blood  examination 
showed  hemoglobin  85  per  cent.,  leucocj'tes  11,800.  He  saj-s  his  legs  now  get  red 
if  rubbed  or  scratched  and  feel  "burning."  This  was  not  the  case  when  he 
was  in  the  hospital  before.  He  describes  the  heat  as  coming  "  from  the  inside 
of  the  legs,  from  the  bone."  Neither  the  legs  nor  the  feet  feel  warm  to  the  ob- 
server's hand.  The  veins  of  the  legs  are  larger  than  before.  He  does  not 
sweat  much  now.  The  knee  jerk  is  still  exaggerated,  and  ankle  clonus  can  be 
elicited.  He  is  less  able  to  walk  than  when  previously  in  the  hospital  and  must 
use  a  stick,  which  was  not  the  case  before.  Romberg^s  sign  is  not  present.  He 
has  had  much  trouble  in  urination  for  over  a  year,  Avith  burning  pain  in  the 
penis.  In  the  sitting  position  he  can  easily  make  water,  but  not  standing  up. 
The  pulse  in  the  left  brachial  is  distinctly  smaller  than  in  the  right.  This  is 
easier  to  make  out  than  any  difference  between  the  two  radials.  He  was  dis- 
charged from  the  hospital  "  unimproved."'  Oct.  6,  1912.  The  blood  flow  in  the 
hands  was  examined  on  Tune  11,  and  that  in  the  feet  on  June  12,  1912. 

Second  Examination. — June  11,  1912.  Hands  in  bath  at  2.16  p.m.,  in  calorim- 
eters at  2.2654,  and  out  of  calorimeters  at  2.50. 
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Cooling  of  calorimeters  in  14  minutes,  right  0.16°,  left  0.14°.  Volume  of 
right  hand  493  cc,  of  left  499  cc.  Water  equivalent  of  calorimeters  with  con- 
tents, right  3,489.  left  3^494-     Rectal  temperature  37.6°. 

On  June  11  the  flow  in  the  right  hand  was  4.40  gm..  in  the  left  2.77  gm.  (ratio 
1 :  1.58)  with  room  temperature  24.7°  C.  On  June  12  the  flows  were  0.82  and 
0.48  gm.  in  the  right  and  left  foot,  respectively.  Immersion  of  the  right  foot  in 
warm  water  caused  practically  no  change  in  the  left  foot.  The  foot  flows  are 
still  abnormally  small,  although  larger  than  on  Apr.  25.     It  is  to  be  remarked. 
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however,  that  the  ratio  between  the  flow  in  the  right  hand  and  that  in  the  right 
foot  (5.4:  i)  is  again  almost  the  same  as  the  ratio  between  the  flow  in  the  left 
hand  and  that  in  the  left  foot  (5.3:  i).  In  other  words,  the  relative  preponder- 
ance of  flow  is  almost  the  same  in  the  right  foot  as  in  the  right  hand.  The  blood 
flow  in  the  right  hand  and  foot  in  this  patient  is  therefore,  it  would  appear, 
permanently  and  decidedly  greater  than  in  the  left  hand  and  foot,  although  at 
the  time  of  examination  no  marked  cHnical  difference  in  the  condition  of  the 
two  sides  of  the  body  could  be  detected.  The  variability  in  the  ratio  between 
the  flows  in  the  two  hands  from  time  to  time,  in  the  absence  of  material  varia- 
tions in  the  factors  which  determine  general  vasomotor  changes  (e.  g.,  decided 
changes  in  the  external  temperature),  differentiates  the  condition  from  an 
inequality  due  to  a  mechanical  cause  and  stamps  it  apparently  as  a  functional 
peculiarity. 

The  curious  fact  that  when  the  ratio  between  the  flows  in  the  two  hands 
varies,  the  ratio  between  the  flows  in  the  two  feet  varies  to  the  same  amount, 
would  seem  to  require  for  its  explanation  the  assumption  that  the  intensity  of 
the  vasomotor  innervation  of  one-half  of  the  body,  or  at  least  of  the  extremities 
on  one  side,  is  simultaneously  affected  and  to  the  same  degree  with  respect  to 
the  innervation  of  the  other  half.  Changes  in  the  bulb,  for  example  in  its 
circulation,  affecting  the  "  general  vasomotor  center,"  not  necessarily  exclu- 
sively on  one  side,  but  to  a  greater  degree  on  one  side  than  on  the  other,  might 
be  expected  to  produce  such  an  effect.  If  the  change  responsible  for  the  phe- 
nomenon were  located  below  this  level  it  would  seem  that  the  whole  dorsolumbar 
region  from  which  the  vasoconstrictor  outflow  takes  place  would  require  to  be 
subjected  to  it.  Is  there  here,  perhaps,  an  indication  of  a  somewhat  greater 
progress  of  the  pathological  change  on  one  side  than  on  the  other,  a  difference 
which  has  not  as  yet  otherwise  revealed  itself?  If  the  primary  lesion  in  this 
case  is  in  the  upper  motor  neurone,  it  is  not  unnatural  to  suppose  that  the 
vasomotor  reflex  arcs  may  maintain  an  even  increased  vasoconstrictor  tone 
associated  with  a  relatively  small  peripheral  blood  flow  corresponding  to  the 
exaggeration  of  the  skeletal  reflexes  and  the  spasticity  of  the  skeletal  muscles. 

A  marked  variability  in  the  ratio  of  the  blood  flows  in  the  two 
hands  (or  feet)  in  our  observations  on  normal  persons  has  not  been 
seen.  But  in  one  normal  case  a  decided  permanent  difference  in  the 
flows  in  the  two  hands  was  made  out,  the  ratio  of  the  flows  remaining 
practically  constant  in  observations  made  at  an  interval  of  3  days 
and  varying  surprisingly  little  even  over  long  periods. 

In  John  R.,  a  normal  man,  at  that  time  20  years  old,  the  flow  on  Mar.  22, 
1913,  in  the  right  hand  was  10.08  gm.,  and  in  the  left  7.25  gm.  per  100  cc.  per 
minute,  with  room  temperature  24.0°  C.  for  a  period  of  13  minutes,  the  ratio 
of  the  flows  being  i :  1.39.  On  Mar.  25,  1913,  the  flows  were  12.38  and  8.82  gm., 
respectively,  for  the  right  and  left  hands  (ratio  i :  1.40)  with  room  temperature 
24.8°  C.  for  a  period  of  15  minutes.  On  Nov.  14,  1914,  the  flows  were  14.85 
gm.  for  the  right  hand  and  10.07  gm-  per  100  cc.  per  minute  for  the  left  hand 
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for  a  period  of  22  minutes,  with  room  temperature  "24.3°  C.  (ratio  i :  1.47)- 
There  is  no  anatomical  or  functional  difference  between  the  two  hands  or  arms, 
nor  any  history  of  injur}-  which  would  explain  such  a  difference  in  the  blood 
flow.  The  stability  of  the  ratio  is  strongly  in  favor  of  a  mechanical  explana- 
tion, a  congenital  difference  in  the  cross-section  of  the  two  subclavians.  for 
example,  rather  than  an  explanation  based  on  a  difference  on  the  two  sides  in 
the  permanent  vasomotor  tone  or  a  difference  in  the  reflex  vasomotor  reaction 
to  the  manipulations  and  external  conditions  connected  with  the  measurements. 
No  such  difference  was  found  in  the  foot  flows,  the  ratio  being  i :  1.05  in  the 
supine  and  i :  1.13  in  the  sitting  position  on  Mar.  25,  1913.  with  room  tempera- 
tures 25.1°  and  24.6°,  respectively.  It  was  at  first  supposed  that  some  as  yet 
latent  unilateral  pathological  process,  for  instance  pulmonary  tuberculosis,  might 
be  connected  with  the  anomalj-,  but  nothing  has  developed  to  justify  that  sug- 
gestion. The  subject  stated  at  the  time  of  the  last  examination  that  the  tendency 
to  free  bleeding  from  slight  injuries  and  especially  from  the  nose,  from  which 
he  had  suffered  for  15  years,  has  now  disappeared.^ 

John  R.     Nov.  14.  1914.     Hands  in  bath  at  11.42  a.m.,  in  calorimeters  at  11.55, 
out  of  calorimeters  at  12.08  p.m. 
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Cooling  of  calorimeters,  right  and  left  0.14°,  in  10  minutes.  Volume  of  right 
hand  387  cc,  of  left  hand  357  cc.  Water  equivalent  of  calorimeters  with  con- 
tents, right  3,405,  left  3.381.  Rectal  temperature  36.64°  C.  Pulse  62.  Blood 
pressure,  right  arm  98  (systolic),  84  (sudden  change  in  sound),  76  (cessation  of 
sound).     Another  observation  98,  83,  74.     Left  arm  97,  79,  65. 

N^ote  Added  May  7,  1915. — On  this  day,  which  was  close  and  mugg}-,  the  flow 
in  the  right  hand  was  18.52  gm.  and  in  the  left  14.01  gm.  (ratio  i :  1.32)  with 
room  temperature  25.1°  C. 

As  a  practical  point  of  technique  it  may  be  suggested  that  when  it 
is  desired  to  test  the  stabiHty  of  the  ratio  between  the  flows  on  the 

5  Stewart,  Jour.  Exper.  Med.,  1913,  xviii,  354. 
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two  sides,  in  cases  where  the  question  arises  whether  the  cause  is 
a  nervous  or  a  mechanical  one,  this  could  perhaps  often  be  quickly 
done  by  measuring  the  blood  liow  several  times  on  the  same  day 
with  considerably  different  room  and  calorimeter  temperatures.  If 
the  inequality  is  of  vasomotor  origin,  it  may  be  expected  to  disappear 
or  be  greatly  reduced  in  one  or  more  of  the  sets  of  observations, 
whereas  an  inequality  due  to  a  permanent  mechanical  cause  could 
not  disappear. 

SUMMARY. 

1.  In  cases  in  which  great  inequalities  in  the  blood  flow  in  the  two 
hands  were  produced  by  mechanical  causes  (ligation  or  compres- 
sion of  vessels,  embolism),  the  stability  of  the  ratio  of  the  flows,  in 
successive  measurements  at  short  intervals,  was  found  to  be  char- 
acteristic. Over  long  intervals  the  opening  up  of  collateral  circula- 
tion or  the  progressive  increase  of  the  block  (in  a  case  of  multiple 
embolism  with  thrombosis)  was  followed  by  changes  in  the  ratio  of 
the  blood  flows  in  the  normal  and  the  affected  part.  Another  cri- 
terion of  these  conditions  was  found  to  be  that  the  inequality  wasi 
not  abolished  by  producing  general  vasomotor  changes;  e.  g.,  by 
altering  the  external  temperature. 

2.  In  certain  cases  inequalities  in  the  blood  flow  in  the  two  hands 
(or  feet)  were  found  w^hich  w^ere  not  stable  from  day  to  day,  and 
which  could  be  abolished,  reduced,  increased,  or  reversed  by  altera- 
tions in  the  external  conditions  which  bring  about  general  vasomotor 
changes.  These  inequalities,  not  associated  with  clinically  recog- 
nizable differences  between  the  parts  compared,  were  interpreted  as 
due  to  unequal  activity  of  the  vasomotor  mechanism  on  the  two  sides. 
The  condition  appeared  to  be  most  frequent  in  certain  groups  of 
neurological  cases. 

I  wish  to  express  my  obligations  to  the  staff  of  the  City  Hospital 
and  to  my  colleagues  at  Lakeside  Hospital  for  many  courtesies. 
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Studies  on  the  Circulation  in  Man 

XIII.    THE  BLOOD  FLOW  IN   THE   HANDS   AND  FEET   IN  CERTAIN 
DISEASES  OF  THE  NERVOUS  SYSTEM 


G.    N.    STEWART,    M.  D. 

CLEVELAND 


STUDIES  OS  THE  CtRCLXAJIOX  IX  MAX 

Xm.  THE  KjOOD  now  IX  THE  HAIiraS  A3CD  VEET  IS  CETAFg  IMSEASCS 
€VTHC  SEXfOCS  SISXEM  * 

a    X.    STEWART,    MD- 


Thc  stodf  of  ite  Uood  iov  it  tihe  knuis  and  feet  is  of  spedal 
of  tibe  uuious  syslcin,  in  wfaicli  Ac  i  ilii  ihiIw  s 
are  so  oltai  iaiokcd.  The  aiarfctal  refatcs  are  so  tmfK  wtlf  affn  trJ 
Aat  it  seoMcd  of  sohk  oooseqiacncc  to  PuJnic  also  tfic 
bf  Ac  wirtlMMl  dcsaJicd  in  fciious  p^efs.*^  A 
€&  soBK:  <rf  liie  worit  vas  pvcn  in  a  Hanrcjr  Tjt  Iwic^     The 

tiban  of  otbciSu  Also^  in  a  fiist  sniicj,  Aosc  confibnns 
sdetttd  in  wUdi  changes  in  Oc  Idood  flov  or  in  Ac 
Envd  nnslt  fifcdf  to  be  detccird,  and  if  delected  to 
ne  cafHiWr  ot  nca^  WKOSt  cJbauji  iriami  to  uic  Styvpunns  aoHl  nwfffnii 
anatof  of  Ac  <lisrj«fd  sMfe^  &Kb  cowliliiws  as  aflfectcd  oniy  fc 
adc  (iKnnflepa,  nndbfteial  pcnpfacial  wfnr^is)  were  obiioudy  of 
Ijr  in  I  ninif  I  linn  widk  Ac  falbnineic  fhysiuiuBj  oH  Ac 
also  as  afivfingr^  Ac  opportmrityr  of  testing  st3l  fnillici 
Ac  trriMir  of  Ac  MeAod,  since  Acf  pi  filli  d  Ac  fecct  i  iMipiii  iw 
of  a  nopwai  part  wiA  Ae  unn  stw— Ihig  tliwjswl  part. 

For  one  or  oAer  of  Aese  icasons  it  happfns  that  nnrt  of  Ae 
■iiiilrtiji  stnAed  >■  Ais  paper  fals  nnder  one  of  Aree  heads:    (1) 

case  or  two  in  whiA  Ae  cmdteni  was  ptohiMy  nemalpa  ■'J'i^*^  Aan 
nrumtis-  is  iKhided  in  Aii  granp;  (2^  oirinai  faennmhafgc  (i 
tion  of  cetdnal  Tcsscis)  wiA  hi  MJiin^i  i,  and   (3) 

aic  also  JBlHMhnrd  aniilf  for  Ae  sake  of 

of  Ae  tffwn  Sohk  ohsercatians^  chieljr  on  ifcr  las- 
peve  amne  on  paoen^s  aoBecBDo  oy  ocrtam  podms  ^rfiiirP* 
act  especidlf  on  the  nenrons  SfSieH  (aknfaoi  lead),  hot  in  nAom  at  the 
tHBcot  iJwjw^linn  no  gyptong  of  ^lImJ  anaioMg  Ir.Mnniit  (penjpheial 
nenrtfB^  were  present:.    A.  case  of  ciccssnre  ttiimto  sBofciaKf  ^^nd  a 


*  JrrcBB  c^  H.  K- 

1.  T^pcr  n  of  «iB  atoB^  Hearts  BU,  i^  X;  F^os  IX.  X  siil  XI,  Tk 
Amcmms  Imx.  Ifa,  IfUl  xa^  €78;  Kl,  W&^,  x%  1,  177. 

z  Xvr.  ai  mz. 


patient  recovering  from  tetanus  under  treatment  with  antitoxin  are 
also  included  because  the  vasomotor  reflexes  seemed  to  present  points 
of  interest.  In  one  or  two  instances  the  blood-flow  measurements  were 
applied  to  the  detection  of  malingering  with,  it  is  thought,  helpful  or  at 
least  suggestive  results. 

PERIPHERAL   NEURITIS 

In  three  cases  of  unilateral  brachial  neuritis,  not  of  long  standing, 
in  which  no  decided  atrophy  of  the  hand  had  as  yet  occurred,  although 
the  strength  of  the  grip  was  markedly  diminished,  the  blood  flow  in 
the  affected  hand  was  conspicuously  greater  than  in  the  contralateral 
normal  hand.  In  two  of  these  cases  the  lesion  was  on  the  right  side 
and  as  has  been  mentioned  in  previous  papers,  normal  right-handed 
persons  usually  show  a  slight  preponderance  in  blood  flow  per  100  c.c. 
of  hand  volume  on  the  right  side.  In  the  cases  referred  to,  however, 
the  difference  was  much  greater,  and  one  of  the  cases  in  which  the 
lesion  was  on  the  left  side  presented  an  equally  large  excess  in  the 
left  hand. 

Thus  in  O.  A.  H.,  a  man  with  right  brachial  neuritis  probably  of 
traumatic  origin,  and  not  at  the  time  of  observation  associated  with 
any  wasting  in  the  right  hand,  the  flow  in  the  right  hand  was  8.79 
grams  and  in  the  left  hand  6.99  grams  per  100  c.c.  of  hand  per  minute, 
with  room  temperature  24  C.  The  ratio  of  the  flows  in  the  two  hands 
(1:1.26)  shows  a  very  decided  preponderance  of  flow  in  the  aft'ected 
hand. 

O.  A.  H.,  a  house  carpenter  aged  60,  was  admitted  to  the  dispensary  Janu- 
ary 25,  suffering  from  right  brachial  neuritis.  Seven  years  ago  he  fell  from  a 
building  on  his  right  shoulder  and  has  always  had  some  pain  in  shoulder  since. 
For  three  months  he  had  severe  pain  and  weakness  in  his  shoulder.  Pain  is  felt 
on  pressure  over  the  circumflex  and  over  the  median  nerve  above  the  elbow, 
and  tenderness  over  the  brachial  plexus  in  neck  and  axilla.  The  grip  of  the 
right  hand  is  much  less  strong  than  that  of  the  left.  Slight  numbness  is  the 
only  sensory  disturbance.  All  movements  of  the  right  arm  are  weak,  but  there 
is  no  wasting  of  the  hand.  February  24:  The  systolic  blood  pressure  is  130. 
No  impairment  of  tactile  sensation  exists  and  warmth  and  cold  sensibility  is 
good.  Pain  sensation  is  diminished  below  the  elbow.  On  April  26  his  arm  was 
better.  The  blood  flow  in  the  hands  was  examined  January  12,  before  admis- 
sion. Hands  in  bath  at  3  p.  m. ;  in  calorimeters  at  3:10  p.  m. ;  removed  from 
calorimeters  at  3 :26.  3,050  c.c.  of  water  were  in  each  calorimeter.  Room 
temperature  24.1  C. 

In  Casimir  M.,  a  man  aged  27,  with  left  brachial  neuritis,  the  blood 
flow  in  the  right  hand  was  5.63  grams,  and  in  the  left  hand  7.40  grams 
per  100  c.c.  per  minute,  with  an  average  room  temperature  of  21.9  C. 
The  ratios  of  the  flows  in  the  two  hands  is  1 : 1.31,  indicating  a  great 
excess  in  favor  of  the  left  hand.  The  case  may  fairly  be  considered  an 
"early"  one.  Although  there  was  some  wasting  of  the  muscles  of  the 
left  upper  arm,  and  some  weakening  of  the  grasp  of  the  left  hand. 


little  if  any  wasting  of  the  hand  as  revealed  by  the  volume  measurement 
could  be  detected. 

TABLE    1. — Calorimetric    Measurements    in    Case    of    O.    A.    H. 


Hme 

Right 

Left 

Time 

Right 

Left 

8:00 

29.98 

29.87 

3:21 

30.43 

30.18 

3:12 

30.00 

29.89 

3:22 

30.50 

30.25 

3:13 

30.03 

29.91 

3:23 

30.57 

30.30 

3:14 

30.09 

29.94 

3:24 

30.63 

30.36 

3:15 

30.13 

29.97 

3:25 

30.71 

30.41 

3:16 

30.20 

30.01 

3:26 

30.78 

30.48 

3:17 

30.23 

30.02 

3:35 

30.68 

30.40 

3:19 

30.32 

30.10 

3:51 

30.52 

30.26 

3:20 

30.38 

30.13 

Cooling  of  calorimeters  in  twenty-five  minutes,  R.,  0.26  C,  L.,  0.22  C.  Vol- 
ume of  right  hand  in  calorimeter,  445  c.c.  of  left  425  c.c.  Pulse  80.*  Mouth 
temperature  37.1  C.    Room  temperature  23.9.     He  is  right  handed.f 

*  Except  when  otherwise  mentioned  the  pulse  rate  was  always  taken  in  a 
sitting  position. 

t  It  is  to  be  assumed  that  a  patient  is  right  handed  unless  the  contrary  is 
stated. 


Casimir  M.  was  admitted  to  the  dispensary,  January  4,  with  left  brachial 
neuritis.  He  had  noticed  pain  in  the  left  elbow  for  three  months,  mostly  when 
at  work  (as  a  sewing  machine  operator).  He  had  had  no  injury.  No  local  signs 
were  seen  at  elbow.  There  was  no  history  of  venereal  infection.  Considerable 
thickening  of  the  radial  artery  existed.  On  January  31  the  left  arm  was  still 
weak  and  he  could  not  use  it  properly  at  work,  while  there  was  distinct  atrophy 
of  some  of  its  muscles.  The  circumference  of  the  left  upper  arm  was  24.5  cm., 
that  of  right  upper  arm  26.5  cm.,  of  left  forearm  25  cm.,  and  of  right  26  cm. 
Pain  on  pressure  was  felt  over  some  of  the  cervical  nerves  on  the  left  side,  but 
no  pain  on  pressure  over  the  arm.  The  grasp  of  the  left  hand  was  weaker  than 
that  of  the  right.  On  February  17  he  felt  much  better.  The  blood  flow  in  the 
hands  was  examined  January  31. 

The  hands  were  put  into  the  bath  at  3:38^  p.  m.,  into  the  calorimeters  at 
3:51,  taken  out  of  calorimeters  at  4:08.  3,050  c.c.  of  water  were  in  each  calori- 
meter.   Pulse  68.    Mouth  temperature  36.6  C. 

TABLE   2. — Calorimetric   Measurements    in   Case  of   Casimir  M. 


Time 

Right 

Left 

Room 

nme 

Right 

Left 

Room 

3:50 

29.40 

29.36 

4:01 

29.58 

29.58 

3:52 

29.39 

29.35 

,      21.7 

4:02 

29.61 

29.62 

3:. 54 

29.42 

29.41 

4:03 

29.64 

29.65 

3:55 

29.44 

29.42 

4:0i 

29.68 

29.71 

3:56 

29.45 

29.43 

4:06 

29.71 

29.75 

3:57 

29,47 

29.43 

22.1 

4:06 

29.78 

29.81 

3:58 

29.49 

29.48 

4:07 

29.78 

29.88 

21.9 

3:59 

29.52 

29.51 

4:06 

29.80 

29.86 

4:00 

29.55 

29.53 

4:27 

29.56 

29.63 

Cooling  of  calorimeters  in  nineteen  minutes,  R.,  0.24  C,  L.,  0.23  C.     Vol- 
ume of  right  hand  400  c.c,  of  left  hand  370  c.c. 

In  John  S.,  a  man  with  right  brachial  neuritis  and  distinct  weaken- 
ing although  no  definite  wasting  of  the  right  hand,  the  flows  were 
10.29  grams  and  7.66  grams  per  100  c.c.  per  minute  in  the  right  and 


left  hands  respectively,  with  room  temperature  22.3  C.  The  ratio  of 
the  flows  (1  :1.34)  denotes  a  great  preponderance  of  flow  in  the  hand 
affected  by  the  lesion.  On  immersion  of  the  left  hand  in  cold  water 
the  flow  in  the  right  sank  to  5.18  grams  per  100  c.c.  per  minute  for  the 
first  four  minutes  and  then  rose  to  8.16  grams  per  100  c.c.  per  minute 
for  the  remaining  five  minutes  of  the  period  of  immersion.  On  immers- 
ing the  left  hand  in  warm  water  the  flow  in  the  right  hand  mounted  to 
10.16  grams,  which  was  scarcely  equal  to  the  initial  flow.  This  indicates 
that  the  flow  in  the  right  hand  at  the  beginning  of  the  observation 
was  probably  already  associated  with  a  considerable  vasodilatation  on 
which  it  was  easy  to  impose  a  decided  reflex  vasoconstriction  but  not 
an  additional  vasodilatation. 

John  S.,  a  bricklayer  aged  45,  was  admitted  to  the  dispensary  on  February  27 
with  neuritis  in  the  right  arm.  He  had  had  pain  in  right  elbow  for  four  weeks, 
unaccompanied  by  heat  or  swelling,  and  the  arm  had  lost  strength.  The  grip 
of  the  right  hand  was  much  weaker  than  that  of  the  left.  Tenderness  was  felt 
over  the  external  condyle,  and  very  slight  tenderness  over  the  right  brachial 
plexus.  He  attributed  the  condition  to  cold.  March  6,  his  condition  was  the 
same.     The  blood  flow  in  the  hands  was  examined  February  27. 

The  hands  were  put  into  the  bath  at  2 :50  p.  m.,  into  the  calorimeters  *  at 
3.  removed  from  calorimeters  at  3:37.  At  3:15  the  left  hand  was  immersed  in 
water  at  9  C,  and  at  3 :24  in  water  at  43  C.  At  3 :31  the  left  hand  was  dried 
and  wrapped  up.     Pulse  74.     Mouth  temperature  36.74  C. 

TABLE    3. — Calorimetric    Measurements    in    Case    of   John    S. 


Time 

Right 

Left 

Boom 

2:59% 

29.61 

29.50 

3:02 

29.69 

29.55 

23.3 

3:03 

29.72 

29.59 

3:04 

29.78 

29.63 

3:05 

29.84 

29.67 

8:06 

29.90 

29.71 

3:07 

29.96 

29.75 

3:08 

30.02 

29.83 

23.4 

3:09 

30.09 

29.88 

8:10 

30.16 

29.92 

S:U 

30.21 

29.96 

3:12 

30.28 

30.03 

3:  IS 

30.33 

30.06 

3:14 

30.39 

30.11 

22.8 

3:15 

30.45 

30.15 

3:16 

30.48 

3:17 

30.50 

23.3 

3:18 

30.52 

3:19 

30.53 

Time 


Right 


Left       '  Boom 


3:20 

30.57 

3:21 

80.61                                1 

3:22 

80.66 

3:28 

30.69 

3:24 

80.78 

8:25 

80.77 

23.3 

3:26 

30.81 

Sr27 

30.87 

3:28 

80.91 

8:29 

80.97 

3:30 

81.02 

3:31 

81.08 

3:32 

81.11 

8:33 

31.14 

3:34 

31.19 

22.9 

3:35 

31.23 

3:36 

31.27 

3:37 

31.30 

3:43 

81.22               29.91 

Volume  of  right  hand  412  c.c,  of  left  hand  402  c.c.    Cooling  of  calorimeters, 
R.,  0.08  C.  in  six  minutes,  L.,  0.24  C.  in  twenty-eight  minutes. 

The  most  natural  explanation  of  the  preponderance  in  the  flow  on 
the  side  of  the  lesion  is  that  the  vasoconstrictor  fibers  are  involved  in 
the  neuritis,  with  a  resultant  diminution  of  the  vasomotor  tone  of  the 
hand.    It  is  difficult  to  see  how  a  neuritis  due  to  trauma  or  to  pressure 


*  As   always,  unless   otherwise   stated,  the  quantity  of  water  in   each  hand 
calorimeter  was  3,015  c.c. 


could  fail  to  affect  these  fibers.  Nor  is  there  any  evidence  that  they 
escape  completely  in  other  forms  of  peripheral  neuritis  although,  until 
it  is  eliminated  by  proof  to  the  contrary,  the  possibility  must  be  granted 
that  a  particular  poison  may  spare  the  efferent  vasomotor  fibers  in  the 
peripheral  nerves  which  it  attacks.  In  a  peripheral  neuritis  involving 
the  vasocontrictors  these  need  not  of  course  be  totally  incapable  of 
conduction  any  more  than  the  motor  fibers  of  the  part.  In  the  case 
of  John  S.,  for  example,  it  is  evident  they  were  not  completely  para- 
lyzed, since  a  good  reflex  vasoconstriction  was  obtained  when  the  con- 
tralateral hand  was  put  into  cold  water.  There  is  some  indication, 
however,  that  such  a  reflex,  even  when  of  as  great  an  initial  intensity 
as  normal,  may  be  more  fleeting  than  under  normal  conditions,  perhaps 
because  the  partially  degenerated  fibers  or  their  endings  are  sooner 
fatigued. 

In  a  fourth  case,  that  of  ICaspar  J.,  a  man  suffering  from  "early" 
unilateral  brachial  neuritis  apparently  of  rheumatic  origin,  a  similar 
disproportion  between  the  flows  in  the  two  hands  was  noticed,  the  pre- 
ponderance being,  as  before,  in  favor  of  the  affected  hand.  Later 
on,  however,  in  this  case  practical  equality  in  the  flows  in  the  two  hands 
was  observ^ed,  either  because  the  improvement  in  the  condition  had 
progressed  so  far  at  the  second  examination  that  the  vasomotor  tone 
of  the  affected  hand  had  again  become  normal,  or  possibly  because  of 
the  action  of  the  salicylates  with  which  he  was  being  treated.  At  the 
first  examination  the  flow  in  the  hand  on  the  side  of  the  neuritis  (the 
right)  was  4.80  grams  per  100  c.c.  per  minute  (allowing  for  the 
swelling  of  the  hand)  and  in  the  left  3.58  grams,  the  ratio  being  1 :1.34, 
with  room  temperature  24.2  C.  These  flows  are  subnormal,  which 
may  of  course  be  due  to  the  man's  general  condition,  recovering  as  he 
was  from  an  acute  illness  (rheumatic  fever).  The  heart  was  probably 
to  some  extent  handicapped.  Also  arteriosclerosis  was  present,  which 
is  always  associated  with  a  subnormal  hand  flow.^ 

At  the  second  examination  with  a  somewhat  higher  room  tempera- 
ture (25.3  C.)  the  flow  was  practically  the  same  in  the  left  hand  (3.72 
grams)  but  in  the  right  hand  it  was  reduced  almost  to  equality  with 
that  in  the  left  (3.76  grams"  per  100  c.c.  per  minute).  The  fact  that 
the  flow  in  the  left  hand  remained  so  low  in  spite  of  the  relatively  high 
room  temperature  seems  to  indicate  a  great  tendency  to  vasoconstric- 
tion. If  this  were  the  case  we  should  expect  that  the  preponderance  of 
flow  previously  observed  in  the  right  hand,  which  by  hypothesis  was 
due  to  diminution,  though  not  to  paralysis,  of  vasoconstrictor  tone, 
should  tend  to  disappear.  The  slight  tendency  to  vasodilatation  is 
indicated  clearly  by  the  tests  of  the  vasomotor  reflexes.    During  immer- 


3.  Paper  XI  of  this  series,  The  Archives  Int.  Med.,  1914,  xiii,  177. 
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sion  of  the  left  hand  in  warm  water  the  flow  in  the  right  sank  to  2.68 
grams  per  100  c.c.  per  minute  for  the  first  four  minutes  of  immersion 
and  only  reached  4.12  grams  per  100  c.c.  per  minute  for  the  remaining 
seven  minutes.  For  the  first  three  minutes  of  immersion  of  the  left 
hand  in  cold  water  the  flow  in  the  right  was  2.74  grams  and  for  the 
remaining  six  minutes  3.75  grams  per  100  c.c.  per  minute.  The  marked 
slowing  of  the  pulse  rate  (57  per  minute  as  compared  with  92  at  the 
previous  examination),  in  spite  of  the  higher  room  temperature  and 
the  unchanged  body  temperature,  may  be  associated  with  the  tendency 
to  peripheral  vasoconstriction. 

Kaspar  J.,  a  laborer,  aged  50,  was  admitted  to  Lakeside  Hospital,  April  12, 
with  rheumatic  fever.  Two  weeks  before,  he  began  to  have  severe  pain  in  the 
left  ankle  and  knee,  later  in  the  right  knee.  Five  days  before  admission  the 
right  elbow,  wrist,  and  later  the  shoulder  began  to  trouble  him.  The  heart 
sounds  were  clear ;  the  pulse  regular  in  rate,  but  irregular  in  amplitude.  The 
vessel  wall  was  palpable.  On  April  20  the  legs  were  well,  but  the  right  upper 
arm  was  still  sensitive  and  much  atrophied.  On  April  30  there  was  very  little 
pain,  but  movement  of  the  right  arm  was  much  impaired ;  analgesia  existed 
over  the  entire  right  arm.  The  blood  flow  in  the  hands  was  examined  May  5 
and  again  May  8.  The  grip  of  the  right  hand  was  still  weak;  pain  was  felt 
over  the  right  brachial  plexus.  Convalescence  was  uninterrupted  and  he  was 
discharged  May  12. 

The  hands  were  put  into  the  bath  at  2 :36^  p.  m.,  into  the  calorimeters  at 
2 :46i/2.  At  2 :56]^  the  left  hand  was  put  into  water  at  43  C.  At  3 :04  the  left 
hand  was  put  into  water  at  9.5  C.  He  felt  the  cold  water  painful.  At  3:13  the 
right  hand  was  removed  from  the  calorimeter.  Pulse  92.  Mouth  temper- 
ature 36.7. 


TABLE    4. — First    Blood    Flow    Examination    of    Kasper    J. 


Time 

Blgbt 

Left 

Boom 

2:45 

29.65 

29.56 

2:48 

29.67 

29.57 

2:49 

29.69 

39.60 

2:60 

29.71 

29.62 

2:61 

29.75 

29.63 

2:EZ 

29.78 

29.64 

2:53 

29.80 

29.67 

2:64 

29.84 

29.70 

2:55 

29.88 

29.72 

24.2 

2:56 

29.90 

29.74 

2:67 

29.93 

29.76 

2:68 

29.965 

2:50 

29.95 

24.2 

3:00 

30.08 

3:01 

30.07 

Time 


Eight 


Left 


Boom 


3:02 

30.095 

24.25 

3:03 

30.13 

3:04 

30.175 

3:05 

30.20 

24.4 

3:06 

30.215 

3:07 

30.24 

3:06 

30.28 

3:09 

30.31 

3:10 

80.34 

.  .••  • 

24.4 

3:11 

80.37 

3:12 

30.40 

3:13 

80.44 

8:21 

29.67 

3:22 

30.84 

Volume  of  right  hand  511  c.c,  of  left  457  c.c.  The  right  hand  is  still  some- 
what swollen  and  noticeably  larger  than  the  left.  Cooling  of  calorimeters, 
R.,  0.10  C.  in  nine  minutes,  L.,  0.19  C.  in  twenty-four  minutes. 

The  particulars  of  the  second  examination  of  Kasper  J.  are  given  in  the 
general  table. 

In  a  fifth  case  (John  McH.),  although  symptoms  described  by  the 
patient  suggested  a  right  brachial  neuritis,  the  suspicion  of  malingering 
could  not  be  excluded.     The  flow  in  the  right  hand  was  4.30  grams 


and  in  the  left  3.91  grams  per  100  c.c.  per  minute  with  room  tempera- 
ture at  23.3  C.  The  ratio  of  the  flow  of  the  two  hands  is  1 : 1.1.  On 
the  following  day  another  examination  was  made  and  the  flows  came 
out  5.46  grams  and  4.74  grams  for  the  right  and  left  hands  respectively 
with  the  same  room  temperature,  a  ratio  of  1 : 1.1 5.  Immersion  of  the 
left  hand  in  warm  water  caused  a  marked  vasoconstriction  in  the  right 
hand  for  the  first  six  minutes,  reducing  the  flow  to  3.23  grams  per  100 
c.c.  per  minute.  This  was  succeeded  by  a  moderate  vasodilatation  (  for 
the  remaining  seven  minutes  of  the  period  of  immersion  of  the  left 
hand)  the  flow  in  the  right  hand  increasing  to  6.11  grams. 

John  McH.,  a  laborer,  aged  58,  was  admitted  to  the  City  Hospital,  June 
4,  apparently  suffering  from  right  brachial  neuritis.  He  complained  of 
stinging  and  numbness  of  right  forearm  and  hand,  especially  the  middle  finger. 
He  had  been  addicted  to  alcohol  and  had  several  attacks  of  delirium  tremens. 
There  was  pain  on  pressure  over  the  right  shoulder,  at  the  inner  side  and  front 
of  the  head  of  the  humerus.  He  could  raise  his  right  arm  slowly  and  apparently 
with  some  pain  to  the  horizontal  position  but  not  higher.  His  hands  felt  cold. 
He  said  he  was  cold  all  over.  He  stated  that  he  sometimes  had  sudden  swell- 
ing of  the  back  of  the  right  hand,  which  disappeared  in  a  few  minutes.  He 
ha'^.  no  trouble  in  walking  but  said  he  was  "very  irritable  and  twitched  a  great 
deal."  There  seemed  to  be  a  considerable  mental  factor  in  the  case  and  a 
possibility  of  malingering.  The  pain  and  tingling  did  not  inconvenience  him, 
but  he  feared  they  might  be  premonitory  of  a  "stroke."  Blood  flow  in  hands 
was  examined  on  June  5  and  again  on  June  6.  Particulars  of  the  first  blood- 
flow  examination  are  given  in  the  general  table. 


TABLE    5. — Calorimetric    Measurements    in    Second    Examination    of 

John    McH. 


Time 


2:40 
2:42 
2:43 
2:44 
2:45 
2:46 
2:47 
2:48 
2:49 
2:50 


Bight 


31.40 

31.39 

31.40 

31.41 

31.425 

31.46 

31.49 

31.52 

31.54 

31.575 


Left 


31.31 

31.31 

31.32 

31.33 

31.35 

31.375 

31.41 

31.425 

31.44 

31.46 


Boom 


23.1 
23.2 


2:51 

31.59 

31.48 

2:52 

31.60 

31.49 

23.2 

2:53 

S1.K5 

31.52 

2:54 

31.66 

31.54 

2:55 

31.68 

31.55 

23.4 

2:56 

31.71 

31.58 

2:57 

31.75 

31.625 

2:58» 

31.78 

31.635 

23.2 

2:se 

31.795 

31.65 

Hme 


Bight 


Left 


Boom 


3:00 

31.80 

31.66 

3:01 

31.835 

31.695 

3:02 

31.85 

31.71 

23.15 

3:03 

81.88 

81.72 

3:04 

31.88 

22i> 

3:06 

31.80 

3:00 

81.S0 

3:07 

81.91 

3:08 

81.825 

22J> 

s:oe 

81.885 

3:10 

81.906 

8:11 

81.99 

23.06 

3:12 

82.02 

3:18 

32.045 

3:14 

82.076 

3:15 

82.00 

23.0 

8:18 

82.12 

3:88 

31.82 

81.28 

Cooling  of  calorimeters,  R.,  0.30  C.  in  twenty-three  minutes,  L.,  0.43  C.  in 
thirty-six  minutes.  Rectal  temperature  37.5  C.  Volume  of  right  hand  512  cc, 
of  left  491  c.c.  Water  equivalent  of  calorimeters  with  contents,  R.,  3,504, 
L.,  3,488.  Blood  pressure  left  arm,  systolic  n6,  93  (sound  gone).  Right  arm, 
115,  93. 

*  Here  he  heard  warm  water  ordered  and  became  anxious. 
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At  the  second  examination  the  patient  says  the  pain  in  the  right  shoulder 
is  rather  worse  than  yesterday.  The  hands  were  placed  in  bath  at  2 :32  p.  m., 
in  the  calorimeters  at  2:41>^,  taken  out  of  calorimeters  at  3:16.  Pulse  88.  At 
3 :03  left  hand  was  put  into  water  at  43  C. 

While  it  would  of  course  be  absurd  to  claim  that  such  observations 
would  of  themselves  be  sufficient  to  justify  a  diagnosis  of  malingering 
in  this  case  the  slight  difference  in  the  flows  in  the  two  hands,  scarcely 
exceeding  if  at  all  that  often  observed  in  normal  persons,  suggested 
that  if  the  symptoms  described  were  genuine  they  were  due  rather  to  a 
functional  than  to  a  structural  lesion — to  a  brachial  neuralgia  rather 
than  to  an  "early"  brachial  neuritis.  In  the  period  during  which  the 
patient  was  still  under  observation  the  condition  did  not  develop  fur- 
ther and  he  was  discharged  "improved"'  a  very  few  days  after  the  last 
examination.  There  is  little  doubt  that  in  cases  in  which  certain  neuro- 
logic conditions  are  simulated  a  measurement  of  the  blood  flow  might 
sometimes  help  to  clear  up  the  diagnosis.  In  long-standing  paralyses 
whether  due  to  a  peripheral  or  to  a  central  lesion  there  is  a  decided 
diminution  in  the  blood  flow  of  the  affected  hand  (or  foot)  as  com- 
pared with  the  normal  part. 

Thus,  in  a  case  of  long-standing  brachial  neuritis  of  the  right  side 
associated  with  cervical  rib  (Mrs.  M.  C.)  the  flow  was  much  smaller  in 
the  affected  than  in  the  normal  hand  (3.98  grams  per  100  c.c.  per 
minute  in  the  right,  and  5.70  grams  in  the  left  hand)  the  ratio  being 
1:1.43,  with  room  temperature  23.5  C).  This  agreed  with  the  state- 
ment of  the  patient  that  the  right  hand  was  always  colder  than  the  left. 
There  was  slight  wasting  of  the  right  hand,  only  clearly  revealed  by 
measurement  of  the  volume,  but  the  hand  was  little  used.  The  atrophy 
chiefly  affected  the  proximal  segments  of  the  limb.  Here  it  may  be 
supposed  that  the  nerve  lesion  has  led  to  anatomic  changes  in  the  blood 
vessels  causing  a  narrowing  of  their  lumen.* 

Mrs.  M.  C,  aged  38,  was  admitted  to  the  dispensary  in  April,  1910.  She 
states  that  in  her  fourteenth  year  she  worked  very  hard  in  a  hayfield  on  a  hot 
day,  had  sunstroke  and  fell  unconscious.  When  she  recovered  consciousness, 
right  arm  and  shoulder  were  aching  and  there  was  some  loss  of  power  there. 
This  has  gone  on  gradually  increasing.  Continuous  pains  have  been  in  the 
right  shoulder  for  the  past  three  weeks.  There  is  exostosis  of  the  scapula 
(curved  scapula)  and  a  marked  prominence  in  right  supraclavicular  region 
extending  upward  and  forward  for  two  inches  and  pressing  on  the  brachial 
plexus.  Cervical  ribs  were  shown  by  Roentgen  ray.  Extreme  tenderness 
was  felt  on  pressure  in  supraclavicular  region.  Atrophy  and  weakness  were 
noted  of  the  serratus  magnus,  infraspinatus,  supraspinatus,  and  latissimus  dorsi. 
The  deltoid  and  other  muscles  of  the  arm  and  forearm  show  weakness  and 
slight  atrophy.  There  was  no  apparent  wasting  of  the  right  forearm  or  hand, 
although  she  does  not  now  use  them  much.  The  grip  of  the  right  hand  was 
fairly  strong,  although  weaker  than  the  left.     She  was  right  handed.     There 


4.  Todd:    Jour.  Nerv.  and  Ment.  Dis.,  1913,  xl,  439. 
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was  a  marked  diminution  of  sensation  to  pricking  and  to  contact  with  camel's 
hair  brush  over  right  shoulder.  Over  arm  and  forearm  sensation  is  normal. 
Blood  flow  in  hands  was  examined  Feb.  14,  1911. 

Hands  in  bath  at  2:03  p.  m.,  were  placed  in  calorimeters  at  3:14,  and  taken 
out  of  calorimeters  at  3 :29.  Pulse  88.  Mouth  temperature  37.4  C.  Room  tem- 
perature 23.8  C. 

TABLE   6. — Calorimetric   Measxjremexts   ix    Case   of   Mrs.   M.  .C. 


Time 


Bight 


Left 


Time 


Right 


Left 


3:13 

30.29 

30.27 

3:16 

30.27 

30.27 

3:17 

30.29 

30.31 

3:18 

30.30 

30.33 

3:19 

30.31 

30.34 

3:20 

30.33 

30.38 

3:21 

30.35 

30.41 

3:22 

30.36 

30.43 

3:23        1 

30.38 

30.46 

3:24       1 

30.39 

30.48 

3:25 

30.40 

30.50 

3:26 

30.41 

30.51 

3:27 

30.42 

30.52 

3:28 

30.43 

,        30.55 

3;  29 

30.44 

1        30.57 

3:5i 

30.21 

30.34 

i 

•e  minutes. 

023  C. 

Volume  of  right 

hand  295  c.c,  of  left  hand  301  c.c. 

The  possibility  of  distinguishing  a  neuralgia  from  an  "early"  neuri- 
tis by  measurement  of  the  blood  flow  seems  to  be  indicated  by  such 
cases  as  that  of  Max  B.,  a  carpenter,  aged  24,  in  whom  the  diagnosis 
of  occupational  neuralgia  (possibly  with  slight  neuritis)  was  made. 

The  blood  flow  came  out  13.89  grams  per  100  c.c.  per  minute  for 
the  right  (the  affected)  hand  and  13.38  grams  for  the  left,  with  room 
temperature  24.5  C.  (ratio  of  flows  in  the  two  hands  1:1.04).  These 
flows  are  of  a  normal  order  of  magnitude  for  the  age  and  general  con- 
dition of  the  patient  and  the  room  temperature.  The  slight  prepon- 
derance of  flow  in  the  right  hand  is  no  more  than  that  usually  obser\-ed 
in  normal  right-handed  persons.  If  the  condition  were  a  typical  "early" 
neuritis  a  much  greater  excess  of  flow  in  the  affected  hand  w'ould  be 
expected,  owing  to  paralysis  of  vasoconstrictors.  The  vasoconstrictor 
reflex  in  the  right  hand  when  the  left  was  immersed  in  cold  water  was 
well  marked,  the  flow  falling  to  7.25  grams  for  the  first  three  minutes 
of  immersion,  but  rising  again  during  the  remaining  six  minutes  to 
10.83  grams  per  100  c.c.  per  minute.  Immersion  of  the  left  hand  in 
warm  water  caused  a  moderate  increase  in  flow  in  the  right  (to  12.53 
grams  per  100  c.c.  per  minute  for  the  whole  period  of  immersion  of 
seven  minutes).  The  initial  value  was  not  reached.  The  vasomotor 
reflex  to  warmth  in  this  experiment  difltered  from  that  in  normal  cases 
and  also  from  that  in  the  cases  of  undoubted  neuritis  in  this  respect, 
that  there  was  no  distinct  initial  diminution  of  flow  in  the  right  hand 
when  the  left  was  put  into  the  warm  water,  or  a  very  slight  and 
transient  one.  There  is  not  enough  material,  however,  to  show  whether 
this  has  any  general  significance.  The  protocol  of  the  case  has  already 
been  published.' 


5.  Cleveland  Med.  Jour.,  1911,  x,  39a 
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One  case  diagnosed  as  sciatica  of  the  left  leg  was  examined. 

Frank  S.,  a  man  aged  64,  a  laborer  in  a  stable,  had  to  sleep  about  the  stable, 
often  on  the  wet  floor.  For  six  weeks  previous  to  admission  the  leg  had  been 
growing  rapidly  worse.  Now  he  can  hardly  bear  his  weight  on  it.  The  trouble 
is  worse  at  night.  Both  knee-jerks  are  exaggerated,  especially  the  left.  The 
Achilles  jerk  is  evident  on  the  left  side.  Some  tenderness  is  present  along  the 
nerve  trunks  of  the  left  leg,  which  feels  cold  at  times. 

At  the  first  examination  of  the  blood  flow — three  days  after  admis- 
sion when  the  condition  was  still  acute — the  flow  in  the  feet  was  found 
exceedingly  small  both  absolutely  and  in  proportion  to  the  hand  flow, 
namely,  0.22  gram  per  100  c.c.  per  minute  for  the  right  foot,  and 
0.47  gram  for  the  left,  with  room  temperature  21  C.  Immersion  of 
the  right  foot  in  warm  water  caused  no  increase  in  the  flow  in  the  left 
foot,  which  for  ten  minutes  during  immersion  of  the  right  foot  con- 
tinued at  the  rate  of  0.43  gram  per  100  c.c.  per  minute.  The  flow  in 
the  right  hand  was  4.20  grams,  in  the  left  4.39  grams,  with  room  tem- 
perature 22.1  C.  The  ratio  of  the  combined  foot  flows  to  the  com- 
bined hand  flows  was  1 :12.4,  indicating  a  marked  tendency  to  vaso- 
constriction in  the  feet,  possibly  due  in  part  to  the  pain.  The  fact 
that  in  spite  of  this  tendency  to  vasoconstriction  the  flow  in  the  left 
foot  is  double  that  in  the  right  would  seem  to  indicate  a  condition  of 
the  nerves  of  the  left  leg  constituting  a  partial  block  for  vasoconstric- 
tor impulses.  If  a  condition  of  neuritis  of  the  large  nerve  trunks  of 
the  leg  is  present  this  would  agree  with  the  results  on  cases  of  brachial 
neuritis.  Twenty-two  days  later,  when  the  pain  in  the  thigh  had  dis- 
appeared, the  flow  in  the  left  foot  was  found  somewhat  inferior  to  that 
in  the  right,  which  agreed  with  the  fact  that  for  three  or  four  days 
previous  to  the  examination  he  had  felt  the  left  foot  cold,  although  it 
was  covered  with  sweat. 

A  number  of  cases  of  alcoholic  neuritis  cam.e  under  observation. 
A  detailed  account  of  the  results  in  one  will  suffice.  A  second  case  is 
considered  in  another  connection  in  Paper  XII,  published  in  Journal  of 
Experimental  Medicine,  xxii,  1915,  No.  1. 

Charles  de  M.,  a  pianist,  aged  29,  height  6  feet,  1  inch,  weight  170  pounds, 
was  admitted  to  the  City  Hospital,  July  9,  with  diagnosis  of  chronic  alcoholism 
with  neuritis.  He  has  been  drinking  since  boyhood  and  drinks  a  quart  of 
whisky  daily.  There  is  no  noticeable  anemia.  The  heart  and  lungs  are  normal. 
The  liver  is  palpable.  Knee-jerk  and  tendo  Achillis  reflex  are  markedly  exagger- 
ated. A  musculo-spiral  paralysis  of  the  left  forearm  and  wrist  with  well-marked 
wrist  drop  is  present.  There  is  tenderness  but  no  atrophy.  The  left  hand  is 
weaker  than  right ;  the  left  foot  is  also  worse  than  the  right.  Two  months 
ago  there  was  marked  toe-drop  in  the  left  foot.  He  could  stand  on  the  right 
foot  alone  but  not  on  the  left.  The  toe-drop  is  not  now  so  bad.  A  general 
tremor  exists.  The  maximum  temperature  on  July  11  was  100.6  F.  After  this 
it  was  never  above  99.6  F.  with  a  minimum  of  97.8  F.  The  patient  sweats 
freely.     He  was  discharged  improved,  July  29.     The  blood  flow  in  the  hands 
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was  examined  on  July  10  and  in  the  feet  and  hands  on  July  16.    He  was  unable 
to  walk  into  the  room. 

First  examination,  July  10 :  Hands  in  bath  at  1 :58j<2  p.  m.,  in  calorimeters 
at  2:08H.  At  2:25  the  right  hand  was  put  into  water  at  8.1  C,  and  at  2:35 
into  water  at  43.1  C  He  complained  much  of  the  cold  water.  At  2:44  the 
right  hand  was  taken  from  the  calorimeter.    Pulse  68.    The  day  was  very  warm, 

TABLE   7.— C.\L0RiMETRic   Measxjrements    IX    Case   of   Ch.\rles   de   M. 


Itaie 

1 
Bieht 

Left 

Boom 

2:07 

S1.325 

31.32 

30.1 

2:09% 

31.37 

31.36 

2:10 

31.39 

31.39 

2:11 

31.46 

31.45 

30.2 

2:12 

31.505 

31.525 

2:13 

31.57 

31.60 

2:14 

31.63 

31.68 

2:15 

31.6S5 

31.75 

2:16 

31.75 

31.81 

30.1 

2:17 

31.81 

31.86 

. 

2:18 

31.87 

31.93 

1 

2:19 

31.94 

32.01 

2:20 

32.00 

32.05 

2:21 

32.065 

32.125 

30.0 

2:22 

32.125 

32.18 

2:23 

32.19 

32.26 

2:24 

32.26 

32.32 

2:25 

32.31 

32.365 

30.0 

2:26^4 

32.42 

Time 


Bight 


Left 


Boom 


2:27 
2:28 
2:29 
2:30 
2:81 

tin 

2:SS 
2:M 
2:S 
2:38 
2:S7 
2:S 
2:» 
2:40 
2:a 
2:42 
2:4* 
2:44 
2:50 


32.17 


32.425 

32.45 

32.49 

32.55 

32.60 

32.61 

32.695 

32.73 

32.77 

32.815 

33:J85 

S&SO 

32.945 

32.9% 

33.04 

33.10 

33.14 

33.20 

33.11 


29.9 


29.8 


29.8 


29.7 


Cooling  of  calorimeters,  R.,  0.14  C.  in  thirty- four  minutes,  L.,  0.09  C.  in 
fifteen  minutes.  Volume  of  right  hand  488  c.c,  of  left  hand  479  c.c.  Rectal 
temperature  37.5  C.  Water  equivalent  of  calorimeters  with  contents,  R.,  3,485, 
L.,  3,478.  Blood  pressure  left  arm,  systolic  118  (palpation),  121  (stethoscope), 
74  (sound  gone). 

Second  examination,  July  16:  The  patient's  left  hand  is  to-day  in  a  splint 
on  account  of  wrist-drop.  It  feels  stifiF  and  swollen,  probably  from  the  pres- 
sure of  the  splint.  He  walked  into  the  room  without  help  and  feels  much 
better.  Hands  in  bath  at  3:07  p.  m.,  were  in  calorimeters  at  3:17,  and  out  of 
calorimeters  at  3:29.  Pulse  84.  The  weather  is  much  colder  than  at  the  last 
examination. 


TABLE   8. — C.\LORiMETRic    Measurements    in    Second    Examination    of 

Charles   de   M. 


Time 

Bieht 

Left 

Boom 

3:15 

31.40 

31.39 

24.9 

3:18 

31.425 

31.405 

25.2 

3:19 

31.495 

31.465 

3:20 

31.56 

31.51 

25.15 

3:22 

31.66 

31.60 

3:23 

31.72 

31.66 

3:24 

31.79 

31.71 

Time 


Bight 


Left 


Boom 


3:25 

31.83 

31.77 

3:26 

31.90 

31.805 

3:27 

31.95 

31.855 

3:28 

31.99 

31.89 

3:29 

31.035 

31.933 

S:3S 

31.96 

31.86 

25.1 


Cooling  of  calorimeters  in  six  minutes,  R.,  0.075  C,  L.,  0.075  C.  Volume 
of  right  hand  479  c.c,  of  left  hand  494  c.c.  Water  equivalent  of  calorimeters 
with  contents,  R.,  3,478,  L.,  3,490.     Rectal  temperature  37.7  C. 

At  the  first  examination  in  Charles  de  M.  the  flow  in  the  right  hand 
was  9.96  grams  per  100  c.c.  per  minute,  in  the  left  (the  weaker  of  the 
two  hands)  10.76  grams,  with  the  ver\'  high  room  temperature  30.1  C. 
The  ratio  between  the  flows  in  the  two  hands  was  1 :1.08.    These  flows 
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are  subnormal  for  his  age  at  this  room  temperature.  Immersion  of 
the  right  hand  in  cold  water  caused  a  good  reflex  vasoconstriction,  the 
flow  in  the  left  dropping  to  5.84  grams  per  100  c.c.  per  minute  for  the 
first  three  minutes,  to  rise  again  to  9.45  grams  per  100  c.c.  per  minute 
for  the  next  seven  minutes  of  the  immersion.  Immersion  of  the  right 
hand  in  warm  water  caused  only  a  very  moderate  increase  above  the 
initial  flow  in  the  left  hand  (to  11.27  grams). 

At  the  second  examination,  six  days  later,  the  flow  was  9.92  grams 
for  the  right  hand  and  8.95  grams  for  the  left  with  room  temperature 
25.1  C.  These  flows  are  fairly  normal  for  the  room  temperature,  and 
the  patient's  condition  was  much  better  than  at  the  previous  examina- 
tion. His  pulse  rate  was  84  instead  of  68.  The  deficiency  in  the  flow 
in  the  left  hand  is  probably  to  be  attributed  to  obstruction  caused  by  a 
splint.  But  in  no  patient  with  alcoholic  neuritis  examined  has  the  same 
marked  difference  between  the  two  hands  (or  feet)  been  observed  as  in 
the  cases  of  brachial  neuritis  already  described.  Two  points  have  to 
be  considered  in  this  relation — first,  in  alcoholic  neuritis  the  action  of 
the  poison  is  necessarily  bilateral,  although  the  neuritis  may  at  a  par- 
ticular time  have  progressed  farther  on  the  one  side  than  on  the  other. 
Secondly,  if,  as  appears  often  to  be  the  case,  it  is  the  small  muscular 
branches  which  are  specially  affected  in  alcoholic  neuritis,  a  very 
marked  increase  in  the  blood  flow  of  the  hand  most  affected  by  the 
neuritis  could  scarcely  be  expected,  since  the  hand  flow  is  above  all 
a  cutaneous  blood  flow. 

The  flow  in  the  feet  at  the  second  examination  of  Charles  de  M. 
came  out  0.90  gram  per  100  c.c.  per  minute  for  the  right  foot  and 
1.20  grams  for  the  left.  These  flows  are  not  only  absolutely  small, 
but  small  in  proportion  to  the  hand  flows.  The  preponderance  is  on 
the  side  (left)  on  which  the  foot-drop  is  worse,  but  in  dealing  with 
such  small  flows,  particularly  in  the  case  of  the  feet  in  which  vasocon- 
striction caused  by  the  necessary  manipulations  connected  with  the 
measurement  is  not  easily  avoided  in  patients  specially  susceptible  to 
this  condition,  too  much  stress  must  not  be  laid  on  small  differences. 
The  next  case,  although  the  patient  was  much  addicted  to  alcohol, 
probably  represents  a  neuritis  due  to  pressure. 

Frank  D.,  aged  39,  height  5  feet,  11  inches,  a  school  teacher  in  Germany, 
since  then  a  casual  laborer,  was  admitted  to  the  City  Hospital,  July  22,  with 
wrist-drop  of  left  hand.  Pronation  and  supination  are  perfect.  He  can  palmar- 
flex  left  hand  to  some  extent  but  cannot  dorsiflex  it.  He  has  long  been  a 
heavy  drinker  and  has  had  delirium  tremens.  Has  been  sleeping  outside.  On 
the  morning  of  July  21  he  first  noticed  that  he  could  not  move  his  left  hand. 
For  all  he  knows  he  may  have  been  lying  on  it.  He  never  had  anything  of  the 
kind  before.  Some  numbness  is  present  on  the  dorsum  of  the  left  hand,  espe- 
cially on  the  radial  side,  although  pin  pricks  and  contact  of  the  blunt  point  are 
felt  everywhere.  Wrist-jerk  is  absent  on  the  left  side,  but  is  well  marked  on 
the  right.    Knee-jerk  is  present  on  both  sides.    The  heart  and  lungs  are  normal. 
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There  is  no  noticeable  anemia.     He  was  discharged  improved  July  27.     The 
blood  flow  in  the  hands  was  examined  July  23. 

The  hands  in  bath  at  1:54  p.  m.,  were  in  calorimeters  at  2:06.  Left  hand 
out  of  calorimeter  at  2:47.  The  right  hand  was  put  into  cold  water  (8  C.)  at 
2:23  p.  m.    Pulse  76.    At  2:34  right  hand  was  put  into  water  at  43  C. 


TABLE   9.- 

-C.\L0RIMETR1C     MEASUREMENTS     IN 

C.\SE    OF 

Frank   D. 

Hme           Bight 

L€ft          Boom                    Time           Bight             Left 

Boom 

2:05              31.01 

30.97 

2:28 

32.075 

25.1 

2:07               31.025 

30.gffi 

2:29 

32.13 

2:08                31.06 

31.01 

2:30 

32.17 

25.05 

2:09                31.095 

31.05 

25.1                         2:31 

....                32.24 

2:10               31.14 

31.08       1                                    2:32 

32.28 

2:11                31.19 

31.11        '      25.2                         2:33 

..••  . 

32.325 

2:12                31.235 

31.165                                          2:34 

•  •*•• 

32.35 

25.15 

2:13               31.30 

31.23        !                                    2:35 



32.385 

2:14               31.38 

31.29                                            2:35 

•  ••*. 

32.37 

2:15 

31.43 

31.36        I      25.2                          2:37 



32.38 

i-M 

31.505 

31.43                                               2:38 

1        32.395 

25.25 

2:17 

SlJSl 

31.49                                               2:39 

32.406 

2:18 

SL635 

31.565      !                                      2:40 

■  ••.• 

32.45 

2:19 

S1.T0 

31.635      1                                      2:41 

32.50 

2:20 

31.78 

31.72        i                                       2:42 

32.56 

2:a 

31.84 

31.79             25.2                         2:43 

32.61 

2:22                31.91 

31.86                                               2:44 

.  ...  • 

32.665 

25.2 

2:2S 

31.95 

31.94        ,                                      2:45 

32.72 

2:24 

31.97                                              2:48 

.•••• 

32.78 

2:25 



31.995                                             2:47 

•  •... 

32.845 

2:28 

32.01                                               3:08 

S1.5S 

2:27 



1        32.06 

Cooling  of  calorimeters,  R.,  0.46  C.  in  forty-three  minutes,  L.,  0.225  C.  in 
nineteen  minutes.  Volume  of  right  hand,  572  c.c,  of  left  hand  542  c.c.  Water 
equivalent  of  calorimeters  with  contents,  R.,  3,553,  L.,  3,529.  Rectal  temper- 
ature 37.6  C.  Blood  pressure  left  arm  systolic  133  (palpation),  133  (stetho- 
scope), 86  (sound  gone).    Another  observation  133,  87. 

In  the  case  of  Frank  D.  a  slight  preponderance  of  flow  in  the  left 
hand  was  observed,  10.18  grams  per  100  c.c.  per  minute  for  the  right 
hand  and  10.54  grams  for  the  left  with  room  temperature  25.2  C.  for 
the  last  11  minutes  before  testing  the  vasomotor  reaction.  The  ratio 
of  the  flows  in  the  two  hands  is  1 :1.03.  Immersion  of  the  hand  in  cold 
water  caused  a  good  and  durable  vasoconstriction  in  the  left  hand. 
Immersion  of  the  right  hand  in  warm  water  occasioned  a  great  initial 
vasoconstriction  in  the  left,  lasting  for  three  minutes,  during  which  the 
flow  was  reduced  to  3.38  grams  per  100  c.c.  per  minute.  This  gave 
way  suddenly,  as  is  normally  the  case,  to  vasodilatation,  the  flow  in  the 
left  hand  reaching  10.81  grams  per  100  c.c.  per  minute  for  the  remain- 
ing eight  minutes  of  immersion  of  the  right  in  the  warm  water.  It 
will  be  observ'ed  that  the  initial  flow  was  only  slightly  surpassed. 

Since  in  this  case  the  paralysis  is  confined  to  one  hand,  no  other  part 
of  the  body  being  at  all  affected,  and  since  it  came  on  suddenly,  the 
conclusion  seems  justified  that  it  was  a  pressure  palsy.  It  is  known 
that  the  long  supinator  sometimes  escapes  in  pressure  paralysis  of  the 
musculo-spiral  nerve.  Obviously  cutaneous  nerv'^es  are  only  slightly 
involved,  and  vasomotor  fibers  for  the  cutaneous  vessels  would  not  in 
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this  case  be  affected  to  any  appreciable  extent.  Moreover  it  has  been 
stated  that  the  radial  nerve  does  not  carry  vasomotor  fibers.^ 

Although  this  statement  is  probably  based  on  too  slight  an  experi- 
mental foundation  and  need  not  be  taken  literally,  it  is  clear  enough 
that  in  the  case  under  consideration  a  difference  in  the  flow  in  the  two 
hands  comparable  to  that  observed  in  lesions  affecting  the  brachial 
plexus  could  not  be  expected. 

In  a  case  of  motor  neuron  disease  without  sensory  deficiency  (Mrs. 
Mary  N.)  the  vasoconstrictor  reflexes  were  found  to  be  of  quite  nor- 
mal intensity  and  of  more  than  normal  duration. 

Mrs.  Mary  N.,  a  tailoress,  height  5  feet,  6  inches,  aged  46,  was  admitted 
to  the  dispensary,  Nov.  10,  1910,  suffering  from  progressive  muscular  atrophy. 
Her  left  hand  became  very  painful  about  September,  1909.  About  a  month 
thereafter  she  noticed  some  atrophy  of  the  thenar  eminence  and  weakness  of 
the  hand.  About  Christmas,  1909,  the  right  hand  became  similarly  affected. 
The  condition  gradually  progressed  and  now  the  right  arm  shows  some  atrophy 
of  the  deltoid  and  musculo-spiral  paralysis  in  the  forearm,  and  wrist-drop 
with  some  median  paralysis  as  well.  Some  atrophy  of  the  thenar  eminence 
exists.  On  the  left  side  there  is  atrophy  of  the  thenar  eminence  and  some 
weakness  of  flexors  and  extensors  but  no  wrist-drop.  No  loss  of  reflexes  is 
shown  in  either  arm.  Both  wrists  and  hands  are  wasted.  The  grip  of  both 
hands  is  very  weak.  The  left  leg  is  smaller  than  right,  and  has  been  so,  at 
any  rate,  from  the  age  of  3.  It  shows  peroneal  palsy  with  foot-drop  and 
shortened  Achilles  tendon,  yet  she  can  walk  well.  Some  pain  is  present  along 
the  spine  at  the  base  of  the  neck.  Knee-jerk  and  Achilles  reflex  are  exagger- 
ated on  the  right  side,  absent  on  the  left.  Babinski's  sign  is  noted  in  the  left 
foot.  There  is  no  sensory  disturbance,  clonus,  or  Romberg's  sign.  The  pupils 
react  to  light  and  accommodation.  The  blood  gives  a  strongly  positive  Wasser- 
mann  reaction.  The  spinal  fluid  shows  150  cells  per  c.c,  practically  all  mono- 
nuclear. The  Noguchi  reaction  is  positive.  Physical  examination  of  thorax 
is  negative.  Treatment  with  mercurials  and  potassium  iodid,  also  with  salvarsan, 
was  without  result.  The  patient  continued  to  come  to  the  dispensary  till  Janu- 
ary, 1913,  her  condition  gradually  growing  worse. 

On  March  7,  1912,  the  blood  flow  in  the  hands  was  examined.  Hands  in 
bath  at  2 :27j4  p.  m.,  in  calorimeters  at  2 :38.  At  2  :S2  the  right  hand  was 
put  into  water  at  8  C.  At  3  p.  m.  right  hand  was  put  into  water  at  43  C, 
which  caused  the  hand  to  tingle.  At  3 :07  right  hand  was  dried  and  wrapped 
in  warm  cloth.  At  3:14  right  hand  was  removed  from  calorimeter.  Pulse  116. 
Mouth  temperature  37.6  C. 

The  blood  flow  in  the  right  hand  was  6.99  grams,  and  in  the  left 
7.13  grams  per  100  c.c.  per  minute  with  room  temperature  23.6  C. 
Immersion  of  the  right  hand  in  cold  water  caused  the  flow  in  the  left 
to  fall  to  3.70  grams.  There  was  no  increase  during  the  whole  time 
for  which  the  right  hand  continued  in  the  cold  water  (seven  minutes). 
The  vasoconstriction  was  therefore  intense  and  durable.  When  the 
right  hand  was  immersed  in  warm  water  the  flow  in  the  left  was  fur- 
ther diminished  to  3.37  grams.  The  intensity  and  persistence  of  the 
reflex  vasoconstriction  in  this  case  may  pretty  safely  be  taken  to  indi- 


6.  Simons,  A.:    Arch.  f.  Anat.  u.  Physiol.,  1910,  559. 
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cate  that  the  lesion  in  the  motor  neurons  has  not  extended  to  the  vaso- 
motor cells  in  the  cord  or  to  the  efferent  paths  from  them.  Since  the 
pathologic  change  appears  to  be  a  system  disease  affecting  the  motor 
neurons  but  sparing  the  sensory  neurons,  there  is  nothing  strange  in 
its  avoiding  the  vasomotor  neurons  also. 

TABLE   10; — Calorimetric   Measurements   in    Case   of   Mrs.    Mary   N. 


Hme 


Bight 


Left 


Room 


Time 


Bight 


Left 


Boom 


2:37% 

29.62 

29.61 

2:39 

29.60 

29.58 

2:40 

29.64 

29.61 

2:41 

29.69 

29.64 

2:42 

29.72 

29.69 

2:43 

29.78 

29.73 

2:44 

29.82 

29.78 

2:45 

29.86 

29.82 

2:4fi 

29.89 

29.86 

2:47 

29.92 

29.90 

2:48 

29.97 

29.93 

2:49 

30.00 

29.96 

2:50 

30.04 

30.00 

2:51 

30.07 

30.03 

2:82 

30.10 

30.06 

2:53 

30.07 

2:54 

30.09 

2:55 



30.11 

2:56 

30.12 

23.6 


24.0 


23.3 


2:57 

30.13 

2:58 

30.14 

2:59 

30.16 

3:00 

30.17 

3:01 

30.18 

3:02 

30.20 

3:03 

30.22 

3:04 

30.22 

3:06 

30.24 

3:06 

30.24 

8:07 

30.25 

3:0B 

30.28 

3:09 

30.30 

3:10 

30.33 

3:11 

30.36 

3:12 

30.37 

3:14 

30.39 

3:15 

29.85 

3:36 

29.64 

30.16 

23.9 


Cooling  of  calorimeters,  R.,  0.25  C.  in  twenty-tree  minutes,  L.,  023  C.  in 
twenty-two  minutes.    Volume  of  right  hand  340  c.c,  of  left  hand  320  c.c. 

Another  case  (Stanislas  C.)  in  which  a  more  or  less  general  atrophy 
of  the  extremities,  especially  the  anterior,  existed  presents  certain 
interesting  features.  On  account  of  the  low  degree  of  intelHgence  of 
the  patient  and  his  defect  of  speech  the  history  of  the  case  could  not 
be  clearly  ascertained.  Nor  could  the  defects  of  sensation  which 
seemed  to  exist  be  properly  studied.  Although  this  increased  the  diffi- 
culty of  making  a  diagnosis  and  the  true  nature  of  the  case  was  not 
cleared  up,  it  will  not  be  unprofitable,  it  is  hoped,  to  quote  the  blood- 
flow  findings,  since  they  seemed  capable  of  suggesting  something 
toward  the  diagnosis  and  of  supplementing  precisely  in  such  circum- 
stances the  examination  of  the  sensory  condition. 

Stanislas  C,  a  Polish  laborer,  aged  32,  height  5  feet,  6  inches,  was  admitted 
to  Lakeside  Hospital,  April  5.  The  patient  complains  that  he  cannot  talk 
properly.  Seven  months  before  he  was  hit  by  a  brick  and  has  since  been  unable 
to  swallow  or  talk.  He  did  not  lose  consciousness.  The  right  supraclavicular 
region  shows  a  scar  from  the  middle  of  the  clavicle  to  the  top  of  the  scapula. 
The  pupils  react  promptly  to  light  and  accommodation.  The  mouth  tends  to 
be  drawn  to  the  right.  The  tongue  protrudes  to  the  right  and  shows  a  fine 
tremor.  The  soft  palate  hangs  to  the  right,  and  the  left  arch  is  higher  than 
the  right.  Blood  pressure,  124  systolic,  76  diastolic.  General  atrophy  of  muscles  of 
extremities  is  shown.  There  is  some  contracture  of  the  fingers  of  the  right  hand. 
No  edema  exists.  Atrophy  is  noted  of  the  muscles  of  the  neck;  the  trapezius, 
splenii,  levator  scapulae  and  serrati.  His  gait  is  shuffling  but  not  ataxic.  There 
is  no  hypotonus  of  the  thigh.  All  the  deep  reflexes  are  exaggerated,  except  those 
of  the  right  arm,  in  which  the  biceps,  triceps  and  supinator  reflexes  are  gone. 
There  is  ankle  clonus,  but  no  Babinski  or  Kernig's  sign.     Romberg's  sign  is 
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very  slight.  The  abdominal  and  cremasteric  reflexes  are  increased.  The  right 
arm  is  smaller  than  the  left,  but  the  volume  measurement  showed  the  left  hand 
somewhat  atrophied  in  comparison  with  the  right.  Paresis  is  apparent  of  the 
left  facial  muscles.  When  asked  to  smile,  the  mouth  is  drawn  to  the  right,  but 
when  made  to  laugh  spontaneously  both  sides  are  equally  used.  The  right  side 
of  the  forehead  wrinkles  more  than  the  left.  The  vocal  cords  move  very 
poorly.  Then  sense  of  taste  is  disturbed.  His  intelligence  is  very  low  and 
does  not  permit  satisfactory  examination  of  sensation.  He  says  that  all  sensa- 
tions (temperature,  pain,  touch,  vibration)  are  better  felt  over  the  right  side 
(arm,  leg  and  trunk)  than  over  the  left.  It  is  doubtful  whether  this  is  true. 
The  blood  flow  in  the  hands  was  examined  April  19.  Hands  were  in  bath 
at  2 :25  p.  m.,  in  calorimeters  at  2 :39.  Mouth  temperature  36.8  C.  Pulse  72. 
At  2 :50^  p.  m.  the  left  hand  was  immersed  in  water  at  12  C.  At  2  :S5^  p.  m. 
the  left  hand  was  dried  and  wrapped  up.  At  2.59%  p.  m.  the  left  hand  was 
put  into  water  at  43.5  C.  At  3 :06  the  left  hand  was  put  into  water  at  9  C. 
At  3:13  left  hand  was  dried  and  wrapped  up.  At  3:17  right  hand  was  removed 
from  calorimeter. 


TABLE    11. — Calorimetric    Measurements    in    Case    of    Stanislas    C. 


Time 

Bight 

Left 

Boom 

2:38 

29.90 

29.93 

2:40 

29.91 

29.89 

23.7 

2:41 

29.94 

29.90 

2:42 

29.97 

29.89 

2:43 

29.99 

29.90 

2:44 

30.02 

29.90 

2:45 

30.07 

29.90 

23.8 

2:46 

30.10 

29.91 

2:47 

30.17 

29.91 

23.6 

2:48 

30.21 

29.91 

2:49 

30.25 

29.92 

23.6 

2:50 

30.30 

29.92 

2:51 

30.35 

23.8 

2:52 

30.39 

2:53 

30.43 

2:54 

30.49 

23.7 

2:55 

30.57 

2:56 

30.60 

2:57 

30.65 

2:58 

30.71 

28.6 

2:59 

30.78 

Time 

Bight 

Left 

Boom 

3:00 

30.80 

28.5 

3:01 

80.87 

3:02 

30.94 

3:03 

80.99 

28.6 

3:04 

81.07 

3:06 

31.12 

3:06 

S1.18 

3:07 

31.22 

23.7 

3:08 

81.27 

3:09 

81.32 

3:10 

31.89 

3:11 

81.45 

3:12 

81.49 

3:13 

81.56 

28.6 

3:14 

81.60 

3:15 

81.65 

23.5 

3:16 

81.70 

3:17 

81.77 

28.5 

•    3:17% 



29.68 

8:28 

81.63 

29.60 

Cooling  of  calorimeters,  R.,  0.14  C.  in  eleven  minutes,  L.,  0.32  C.  in  thirty- 
eight  minutes.    Volume  of  right  hand  in  calorimeter  486  c.c,  of  left  hand  422  c.c. 

The  flow  in  the  right  hand  came  out  7.0  grams  and  in  the  left  only 
1.47  grams  per  100  c.c.  per  minute  (for  six  minutes  before  the  vaso- 
motor test)  the  greatest  difference  between  the  two  hands  which  has 
been  observed  in  the  whole  series  of  observations.  Measurement  showed 
that  the  left  hand  was  atrophied  in  comparison  with  the  right.  On 
immersing  the  left  hand  in  cold  water  (for  four  minutes)  the  flow  in 
the  right  increased  to  7.85  grams  per  100  c.c.  per  minute.  When  the 
left  hand  was  dried  and  wrapped  up,  the  flow  in  the  right  hand  rose 
to  9.55  grams,  to  increase  further  to  10.28  grams  on  immersion  of 
the  left  hand  in  warm  water.  A  subsequent  immersion  of  the  left  hand 
in  cold  water  produced  no  effect  on  the  flow  unless  to  keep  it  stationary, 
and  when  the  left  hand  was  again  wrapped  up  the  flow  in  the  right 
increased  to  10.88  grams.  These  anomalous  results  in  the  reflex  vaso- 


19 

motor  tests  have  scarcely  any  parallel  in  our  series  of  observ'ations. 
The  most  obvious  explanation  would  be  that  the  left  hand  was  insensi- 
tive to  cold,  and  the  entire  passivity  of  the  patient  when  the  hand 
was  immersed  in  water  at  9  C,  which  usually  produces  some  discom- 
fort, lends  support  to  the  suggestion.  The  initial  vasoconstriction  pro- 
duced by  immersion  of  the  contralateral  hand  in  warm  water  was  also 
absent  in  this  case,  and  again  the  suggestion  is  plausible  that  the  left 
hand  was  insensible  to  warmth.  The  steady  increase  in  the  flow  of  the 
right  hand  during  the  whole  course  of  the  vasomotor  tests  would  then 
be  due  simply  to  a  spontaneously  increasing  vasodilatation  unaffected  by 
impulses  from  the  left  hand.  While  it  would  be  rash  to  lay  stress  on 
isolated  observations  of  this  kind,  it  may  be  further  pointed  out  that 
the  marked  deficiency  of  the  blood  flow  in  the  left  hand  as  compared 
with  the  right  would  agree  well  with  a  suggestion  made  when  the  diag- 
nosis was  being  considered,  that  the  general  condition  was  superposed 
on  an  old  left-side  hemiplegia.  For  as  we  shall  see  directly,  in  the 
hemiplegias  examined  there  was  always  a  deficiency  in  blood  flow  in 
the  paralyzed  hand.  The  paresis  of  the  left  side  of  the  face  would 
also  fit  in  with  this.  On  the  other  hand  the  apparent  absence  of  reflex 
vasomotor  response  in  the  right  hand  when  the  left  was  immersed  in 
warm  or  cold  water  would  agree  with  another  suggestion  made,  that  a 
syringomyelia  (of  the  bulb)  existed.  In  any  case  it  seems  reasonably 
clear  that  in  circumstances  in  which  the  subjective  response  of  the 
patient  to  warmth  and  cold  cannot  be  studied  information  might  be 
obtained  by  an  objective  method,  namely,  the  study  of  the  vasomotor 
reflex  response. 

HEMIPLEGIA 

In  the  four  cases  of  hemiplegia  examined  the  flow  in  the  paralyzed 
hand  was  always  inferior  to  that  in  the  normal  hand.  In  C,  a  man 
aged  2i7 ,  with  hemiplegia  of  nine  years'  standing  (paralysis  of  the  left 
side  of  the  face,  left  arm  and  leg)  from  which  there  had  been  very 
little  recovery,  the  flow  in  the  right  hand  was  9.15  grams  and  in  the  left 
only  4.67  grams  per  100  c.c.  per  minute,  with  room  temperature  22.2  C. 
During  immersion  of  the  right  hand  in  warm  water  the  flow  in  the  left 
was  4.31  grams  per  100  c.c.  per  minute  for  a  period  of  nine  minutes, 
and  exactly  the  same  during  immersion  of  the  right  hand  in  cold  water 
for  a  period  of  seven  minutes.  In  this  case  there  was  no  question  of 
any  defect  of  conduction  in  the  afferent  segment  of  the  reflex  vaso- 
motor arc,  since  it  was  the  normal  hand  which  was  subjected  to  the 
warmth  and  cold  stimulation,  and  these  sensations  were  perfectly  per- 
ceived. The  absence  of  the  vasomotor  reflex  in  this  old-standing 
paralysis  was  interpreted  as  probably  due  to  anatomic  changes  in  the 
vessels  of  the  atrophied  left  hand,  including  changes  in  the  efferent 
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vasomotor  nerves  of  the  hand  and  their  terminations.  The  protocol  of 
the  case  has  already  been  published^  In  the  other  cases  of  hemiplegia 
in  which  the  vasomotor  reflexes  were  examined,  evidence  was  obtained 
of  the  activity  of  the  vasomotors  of  the  paralyzed  hand,  reflex  vaso- 
constriction, however,  predominating  over  reflex  vasodilatation. 

Mrs.  Eva  M.,  aged  56,  was  admitted  to  the  City  Hospital,  Sept.  11,  1911, 
with  hemiplegia  (left  side).  On  September  5  she  lost  control  of  left  hand, 
arm,  and  leg;  fell  to  the  floor  but  was  at  no  time  unconscious  and  retained  the 
power  of  speech.  When  admitted  the  patient's  face  seemed  unaffected;  the 
tongue  protruded  in  the  median  line.  There  was  no  paralysis  of  the  palate. 
Complete  loss  of  power  and  marked  loss  of  tone  in  arm  and  leg  were  noted. 
The  biceps  and  triceps  reflexes  of  the  left  arm  were  absent.  The  knee-jerk 
was  absent.  Babinski's  sign  was  present  on  the  left  side.  Sense  of  position 
was  lost  in  the  left  arm  and  leg.  The  sense  of  heat  and  cold  was  intact  in 
the  left  arm  and  left  leg  above  a  level  4  cm.  below  the  knee.  Pain  sense  was 
lost  in  the  left  arm  below  the  shoulder  and  in  the  left  leg  below  the  knee. 
Some  loss  of  pain  sensibility  was  found  between  the  left  knee  and  the  hip. 

The  blood  flow  in  the  hands  was  examined  April  16,  1912.  At  this  time 
there  had  been  noticeable  improvement  in  the  left  leg,  but  not  in  the  arm  or 
hand.  The  hands  were  in  bath  at  3 :21  p.  m.,  in  calorimeters  at  3 :32,  out  of 
calorimeters  at  3 :52.  Mouth  temperature  37.45  C.  Pulse  104.  The  left  hand 
as  it  hung  down  in  the  water  pained  her  somewhat  and  therefore  the  vasomotor 
reaction  was  not  tested. 

TABLE    12. — Calorimetric   Measurements   in    Case   of   Mrs.    Eva   M. 


Time 


Eight 


Left 


Boom 


3:33 

30.53 

30.41 

23.7 

3:34 

30.50 

30.43 

3:35 

30.55 

30.46 

3:36 

30.59 

30.48 

3:37 

30.62 

30.50 

3:38 

30.635 

30.52 

22.7 

3:39 

30.65 

30.525 

3:40 

30.67 

30.53 

3:41 

30.69 

30.535 

3:42 

30.70 

30.54 

3:43 

30.72 

80.555 

Time 

Bight 

Left 

Boom 

3:44 

30.76 

80.58 

3:45 

80.79 

80.60 

23.3 

3:46 

30.81 

80.61 

3:47 

80.845 

30.63 

3:48 

80.88 

80.645 

3:49 

30.90 

30.66 

3:50 

30.93 

30.68 

3:61 

30.95 

30.70 

3:52 

30.99 

30.73 

4:02 

30.88 

30.63 

Cooling  of  calorimeters  in  ten  minutes,  R.,  0.11  C,  L.,  0.10  C.  Volume  of 
right  hand  334  c.c,  of  left  hand  328  c.c.  Water  equivalent  of  calorimeters  with 
contents,  R.,  3,362,  L.,  3,357. 

The  flow  in  the  right  hand  in  Mrs.  Eva  M.  was  6.30  grams  and  in 
the  paralyzed  left  hand  4.38  grams  per  100  c.c.  per  minute  with  average 
room  temperature  23  C. 

George  H.,  a  man  aged  about  40  years,  with  typical  motor  aphasia 
and  paralysis  of  the  right  arm  and  leg  of  4  years'  standing,  had  a 
blood  flow  of  7.26  grams  per  100  c.c.  per  minute  in  the  right  hand  and 
9.82  grams  in  the  left  hand  with  room  temperature  26.5  C-  The  ratio 
between  the  flows  in  the  two  hands  was  1 :1.35.  During  immersion 
of  the  left  hand  in  cold  water  the  flow  in  the  right  hand  sank  to  5.04 
grams  for  the  first  three  minutes  and  then  increased  to  7.93  grams  per 
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100  c.c.  per  minute  for  the  next  seven  minutes.  Immersion  of  the  left 
hand  in  warm  water  coincided  with  a  further  and  persistent  diminution 
of  the  flow  in  the  right  to  5.74  grams.  It  is  possible  that  the  vasocon- 
striction was  merely  that  not  infrequently  seen  at  the  close  of  an  experi- 
ment and  does  not  represent  an  abnormally  great  prolongation  of  the 
initial  vasoconstriction  produced  by  the  application  of  warmth  to  the 
contralateral  hand.  But  the  duration  of  the  experiment  was  by  no 
means  great  and  it  is  at  the  end  of  long  experiments  that  spontaneous 
and  long-lasting  diminution  in  the  flow  is  apt  to  be  witnessed.  It  seems 
more  probable  that  there  is  an  abnormal  tendency  to  vasoconstriction 
in  the  paralyzed  hand. 

A  week  later,  the  flow  was  again  measured  in  George  H.  and  came 
out  9.38  grams  for  the  right  hand,  and  13.21  grams  for  the  left  with 
room  temperature  25.5  C.  The  ratio  between  the  flows  was  1:1.40, 
practically  the  same  as  at  the  previous  examination.  This  indicates 
that  the  increase  in  the  flow  was  due  mainly  at  least  to  increased  action 
of  the  heart  and  it  is  rather  curious  that  the  ratio  of  the  pulse  fre- 
quencies (1:1.26)  agrees  almost  exactly  with  the  ratio  of  the  blood 
flows  in  the  paralyzed  hand  at  the  two  examinations  (1 :1.29).  If  the 
hand  flows  in  this  patient  can  be  taken  as  an  index  of  the  heart  output, 
which  is  justifiable  at  any  rate  so  far  as  the  absence  of  anemia  is  con- 
cerned,* this  result  would  support  the  conclusion  of  Yandell  Hender- 
son" that  with  slow  heart  rates  the  minute  output  is  proportional  to 
the  pulse  frequency.  There  is  no  reason  for  thinking  that  the  increased 
hand  flows  are  due  to  a  vasodilatation  affecting  the  two  hands  in  exactly 
the  same  proportion.  In  any  case  the  external  temperature  could  not 
be  responsible  for  such  an  increase  as  it  was  about  a  degree  lower  at 
the  second  examination. 

The  flow  in  the  feet  of  George  H.  was  also  examined  on  July  25, 
and  came  out  1.63  grams  per  100  c.c.  per  minute  for  the  right  foot 
and  1.77  grams  for  the  left.  These  flows  in  proportion  to  the  hand 
flows  are  considerably  below  the  normal. 

George  H.  was  admitted  to  the  City  Hospital,  Oct.  5,  1909,  with  motor 
aphasia  and  paralysis  of  right  arm  and  leg.  He  became  paralyzed  in  1908. 
When  admitted  he  was  unable  to  protrude  the  tongue.  The  right  side  of  chest 
was  markedly  smaller  than  the  left.  There  was  a  slight  increase  in  the  deep 
reflexes  in  the  right  arm  and  leg.  The  spinal  fluid,  40  drops  to  minute,  was 
clear,  with  2  to  4  white  cells  to  the  c.c.  and  no  Noguchi  reaction.  The  blood 
flow  in  the  hands  was  examined  on  July  18,  and  in  the  hands  and  feet  on  July 
25,  1912.  At  this  time  aphasia  is  still  complete.  He  seems  to  understand  every- 
thing, but  can  only  express  assent  or  dissent  by  gestures.  He  can  lift  his  arm 
to  some  extent  but  cannot  move  his  left  hand.  He  walks  with  a  crutch  and  can 
stand  by  holding  the  back  of  a  chair  slightly.  He  can  protrude  the  tongue 
easily  in  the  median  line  and  he  can  write.     The  knee-jerk  is  stronger  on  the 
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right  side  than  on  the  left.  Ankle  clonus  is  present  on  the  right  but  not  on 
the  left  side.  There  is  no  defect  of  sensation.  Some  external  squint  of  right 
eye  and  diplopia  is  present.     No  ptosis  exists. 

Blood  flow  examination  of  George  H.,  July  18,  1912 :  Hands  were  in  bath 
at  2:04  p.  m.,  in  calorimeters  at  2:15.  Some  minutes  elapsed  before  the  right 
hand  was  got  properly  into  the  calorimeter.  At  2 :31  p.  m,  left  hand  was  put 
into  water  at  8  C.  Pulse  68.  At  2:41  left  hand  was  put  into  water  at  43  C. 
At  2:51  right  hand  was  removed  from  calorimeter. 

TABLE    13. — Calorimetric    Measurements    in    Case   of   George    H. 


Time 

Bight 

Left 

Room 

2:14 

31.52 

31.45 

26.5 

2:19 

31.54 

31.64 

2:20 

31.58 

31.68 

26.6 

2:21 

31.61 

31.75 

2:22 

31.64 

31.79 

2:23 

31.69 

31.87 

26.8 

2:24 

31.72 

31.93 

2:25 

31.76 

31.98 

2:26 

31.79 

32.045 

2:27 

31.825 

32.08 

26.7 

2:28 

31.87 

32.14 

2:29 

31.90 

32.175 

2:30 

31.935 

32.24 

2:31 

31.98 

32.28 

2:32 

32.005 

2:33 

32.025 

26.7 

2:34 

32.04 

2:35 

32.10 

Time 

Right 

Left          Room 

2:36 

32.135 

2:37 

32.18 

2:38 

32.22 

26.4 

2:39 

32.25 

2:40 

32.28 

2:41 

32.295 

2:42 

32.31 

2:43 

32.33 

26.4 

2:44 

32.365 

2:45 

32.38 

2:46 

32.395 

26.4 

2:47 

32.42 

2:48 

32.45 

2:49 

32.475 

2:50 

32.50 

2:51 

32.52 

3:18 

32.25 

31.87 

Cooling  of  calorimeters,  R.,  0.27  C.  in  twenty-seven  minutes,  L.,  0.41  C.  in 
forty-seven  minutes.  Volume  of  right  hand  464  c.c,  of  left  hand  500  c.c. 
Mouth  temperature  36.95  C.  Blood  pressure  left  arm,  systolio  90,  82  (sound 
gone).    Another  observation  92,  85. 

Blood  flow  examination  of  George  H.,  July  25,  1912:  Resuits  on  the  flow 
in  the  feet  are  given  in  the  general  table. 

The  hands  were  in  bath  at  2 :46j/2  p.  m.,  in  calorimeters  at  2 :56,  out  of  calori- 
meters at  3  :09. 


TABLE   14. — Calorimetric   Measurements   in   Case   of   George   H. 


Time 

Bight 

Left 

Boom 

2:54 

31.38 

31.36 

25.2 

2:57 

31.38 

31.39 

2:58 

31.43 

31.47 

25.4 

2:59 

31.49 

31.58 

3:00 

31.53 

31.65 

25.7 

3:01 

31.59 

31.73 

3:02 

31.66 

31.795 

25.5 

3:03 

31.72 

31.865 

Time 

Bight 

Left 

Boom 

3:04 

31.75 

31.945 

25.55 

3:05 

31.80 

32.00 

3:06 

31.85 

32.075 

25.7 

3:07 

31.89 

32.165 

3:08 

31.91 

32.23 

25.7 

3:09 

31.92 

32.27 

3:17 

31.82 

32.17 

Cooling  of  calorimeters  in  eight  minutes,  0.10  C.  for  R.  and  L.  Volume  of 
right  hand  455  c.c,  of  left  497  c.c.  Water  equivalent  of  hand  calorimeters 
and  contents,  R.,  3,459,  L.,  3,492.     Rectal  temperature  37.4  C. 

Dennis  H.,  a  structural  iron  worker,  aged  41,  was  admitted  to  the  City 
Hospital,  June  19,  1911,  with  hemiplegia  of  the  left  side.  Walking  along  the 
street  on  July  15,  he  fell  unconscious  and  remained  so  about  fifteen  minutes. 
He  had  been  a  hard  drinker ;  had  gonorrhea  and  probably  lues.  No  anemia 
was  present  (hemoglobin  100  per  cent.).  The  tongue  protruded  in  the  median 
line.  The  head  was  held  toward  the  right  rather  than  the  left.  He  was  unable 
to  move  the  left  arm  and  leg.  The  patellar,  Achilles,  biceps  and  triceps  reflexes 
on  the  left   side   were   exaggerated.     No   Babinski   sign   or   ankle  clonus  was 
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present.  Epicritic  and  protopathic  sensations  over  left  leg  were  gone.  Deep 
sensibility  was  present.  Epicritic,  protopathic,  and  deep  sensibility  was  present 
in  the  arm  but  was  greatly  diminished.  The  same  was  true  over  the  left  side 
of  the  neck  and  face.  No  loss  of  power  was  seen  in  the  face.  Systolic  blood 
pressure  varied  from  140  to  118  during  the  period  of  observation.  On  April  11, 
1912,  the  blood  flow  in  the  hands  was  measured.  At  this  time  the  left  leg  had 
recovered  considerably,  although  he  still  used  it  very  little.  The  left  hand  and 
arm  were  still  quite  powerless. 

For  the  first  six  minutes  in  the  calorimeters  the  flow  in  the  right 
hand  was  2.84  grams  and  in  the  left  1.80  grams  per  100  c.c.  per  minute. 
During  the  immersion  of  the  hands  in  the  calorimeters  the  flow  con- 
tinued to  increase  gradually  in  both  hands  but  particularly  in  the  left 
so  that  for  the  whole  period  of  immersion  in  the  calorimeters  (seven- 
teen minutes)  the  flows  came  out  4.19  grams  and  3.75  grams  per  100 
c.c.  per  minute  for  the  right  and  left  hands  respectively.  For  the  last 
six  minutes  of  this  period  the  flows  were  4.92  grams  for  the  right  and 
4.80  grams  for  the  left  hand.  This  gradual  increase  of  the  flow  is 
observed  under  two  conditions,  first,  when  the  flow  is  permanently 
small,  and  secondly,  when  an  initial  vasoconstriction  is  present,  due 
either  to  nervousness  on  the  part  of  the  patient  or  to  an  abnormal 
sensitiveness  of  the  vasomotor  mechanism  to  the  procedures  necessarily 
involved  in  the  measurement.  In  the  case  of  Dennis  H.  both  of  these 
circumstances  probably  conspired.  That  a  considerable  tendency  to 
vasoconstriction  exists  in  the  paralyzed  hand  was  shown  in  the  tests 
of  the  vasomotor  reflexes.  When  the  right  hand  was  immersed  in  cold 
water  the  flow  in  the  left  was  reduced  from  4.80  grams  to  3.49  grams 
per  100  c.c.  per  minute  for  the  first  seven  minutes,  to  rise  to  5.90  grams 
per  100  c.c.  per  minute  for  the  remaining  seven  minutes  of  immersion 
of  the  right  hand  in  the  cold  water.  This  constitutes  a  fair  reflex  vaso- 
constriction, particularly  considering  the  small  initial  flow,  and  it 
endures,  if  anything,  longer  than  normal.  The  moderate  vasodilatation 
which  succeeded  was  rather  diminished  than  increased  by  subsequent 
immersion  of  the  right  hand  in  warm  water. 

TABES   DORSALIS 

In  the  five  cases  of  tabes  examined,  the  flow  in  both  hands  and  feet 
was  found  subnormal,  the  deficiency  being  greater  in  the  feet  than  in 
the  hands.  The  vasomotor  reflexes  were  quite  feeble.  The  poor  reflex 
response  is  especially  striking  when  coupled  with  distinct  or  even  acute 
perception  of  the  sensations  of  cold  and  warmth,  as  in  the  case  of 
Joseph  S. 

Joseph  S.,  a  laborer,  aged  54,  was  admitted  to  the  City  Hospital,  August  5, 
with  tabes  dorsalis.  He  had  had  pain  and  "funny  feelings"  for  five  years  in 
both  legs.  Says  he  cannot  feel  over  the  hands  or  feet,  but  feels  pin  pricks 
somewhat.  He  also  complains  of  sphincter  trouble,  and  has  a  history  of  gonor- 
rhea and  lues.    The  spinal  fluid,  120  drops  per  minute,  200  cells  per  c.c,  shows 
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a  strongly  positive  Noguchi  reaction.  The  pupils,  pin  point,  react  to  accommo- 
dation. There  is  little  if  any  reaction  to  light.  The  nasal  septum  is  perforated. 
Heart  examination  is  negative.  There  is  marked  arteriosclerosis.  Knee-jerk, 
Achilles  and  cremasteric  reflexes  are  absent.  Romberg  sign  is  marked.  Muscu- 
lar incoordination  is  shown. 

The  blood  flow  in  the  hands  and  feet  was  measured  August  7.  Pulse  124. 
Hands  in  bath  at  1 :46j4  p.  m.,  in  calorimeters  at  1:57^4  P-  m-  At  2:12  left 
hand  immersed  in  water  at  8.4  C.  He  feels  that  the  water  is  cold  and  soon 
begins  to  complain  of  it,  withdrawing  the  hand  momentarily.  At  2 :24  left 
hand  put  into  water  at  42.8  C.     At  2:35  right  hand  removed  from  calorimeter. 

TABLE    15. — Calorimetric    Measurements   in    Case   of   Joseph    S. 


Time 

Eight 

Left 

Boom 

1:57 

31.20 

31.13 

1:59 

31.22 

31.15 

24.9 

2:00 

31.26 

31.18 

2:01 

31.295 

31.20 

25.1 

2:02 

31.325 

31.22 

2:03 

31.365 

31.255 

2:04 

31.40 

31.27 

25.0 

2:05 

31.43 

31.295 

2:06 

31.46 

31.315 

2:07 

31.495 

31.35 

25.1 

2:08 

31.52 

31.365 

2:09 

31.56 

31.38 

2:10 

31.58 

31.405 

25.1 

2:11 

31.605 

31.43 

2:12 

31.63 

31.45 

2:13 

31.67 

25.0 

2:U 

31.695 

2:15 

31.705 

2:16 

31.73 

2:17 

31.76 

Time 


Right 


Left       i  Boom 


2:18 
2:19 
2:20 
2:21 
2:22 
2:23 
2:24 
2:25 
2:26 
2:27 
2:28 
2:29 
2:30 
2:81 
2:32 
2:33 
2:34 
2:35 
2:46 


31.785 

81.81 

31.83 

31.865 

31.895 

31.91 

31.935 

31.96 

31.965 

32.00 

32.025 

32^.05 

32.08 

32.09 

32.11 

32.13 

32.16 

32.19 

32.075 


31.13 


25.0 


25.0 
25.15 


25.4 


Cooling  of  calorimeters,  R.,  0.115  C.  in  ten  minutes,  L.,  0.32  C.  in  thirty- 
three  minutes.  Volume  of  right  hand  in  calorimeter  425  c.c,  of  left  hand 
441  c.c.  He  is  right  handed,  but  from  the  way  in  which  he  held  his  hand,  a 
somewhat  smaller  proportion  of  the  right  hand  was  in  the  calorimeter  than  of 
the  left.     This  is  taken  account  of  in  the  volume  measurement. 


The  flow  in  the  right  foot  in  this  patient  was  0.76  gram  and  in 
the  left  foot  0.88  gram  per  100  c.c.  per  minute  with  the  relatively  high 
room  temperature  25  C.  The  flow  in  the  right  hand  was  5.86  grams 
and  in  the  left  4.33  grams  with  the  same  room  temperature.  Probably 
the  inequality  in  the  flows  in  the  two  hands  is  not  so  great  as  it  appears 
to  be.  For,  as  has  been  mentioned  in  the  protocol,  the  right  hand  was 
not  inserted  so  deeply  into  the  calorimeter  as  the  left,  and  it  has  been 
shown  that  the  flow  per  unit  of  volume  is  greater  in  the  distal  than  in 
the  proximal  portions  of  the  hand,  corresponding  with  the  relatively 
greater  surface.  However,  in  our  study  of  diseases  of  the  nervous 
system  there  have  been  numerous  instances  of  the  existence  of  inequali- 
ties of  flow  in  the  two  hands  or  feet  which  could  not  be  connected 
with  any  known  cause.  It  may  indeed  be  said  that  such  inequalities 
are  common  features  of  those  diseases.  It  has  been  suggested  that 
vasomotor  conditions,  probably  essentially  connected  with  the  pathology 
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or  pathologic  physiology  of  the  morbid  state,  are  responsible  for  these 
inequalities.^" 

On  immersion  of  the  left  hand  (of  Joseph  S.)  in  cold  water,  which 
apparently  caused  him  considerable  discomfort,  the  flow  in  the  right 
was  but  slightly  changed,  falling  to  5.21  grams  per  100  c.c.  per  minute 
for  the  first  four  minutes  and  then  rising  slightly  again  to  5.43  grams 
per  100  c.c.  per  minute  for  the  remaining  eight  minutes  of  the  immer- 
sion. This  is  truly  an  insignificant  vasoconstrictor  reaction.  Immersion 
of  the  left  hand  in  warm  water  caused  a  slight  diminution  of  the  flow  in 
the  right,  to  5.22  grams  per  100  c.c.  per  minute  for  the  first  five  minutes, 
which  then  gave  place  to  a  correspondingly  slight  increase  (to  5.48 
grams  for  the  next  six  minutes).  Such  slight  reflex  vasomotor  effects 
have  certainly  rarely  been  observed  in  other  conditions.  It  must  be 
noted,  however,  that  decided  arteriosclerosis  was  present  in  this  man 
and  this  condition  is  itself  associated  with  relatively  small  vasomotor 
reflexes.^^ 

In  a  case  of  tabes  examined  at  the  dispensary  (Abe  K.)  the  hand 
flows  were  only  1.27  grams  for  the  right  and  1.22  grams  for  the  left, 
with  room  temperature  23  C.  Probably  the  circulatory  condition  noted 
in  the  protocol  was  a  factor  in  the  small  flow,  as  there  was  evidence  of 
some  loss  of  cardiac  compensation  (cyanosis,  edema  of  legs  and  feet). 

Abe  K.,  a  waiter,  aged  59,  was  admitted  to  the  dispensary  January  30.  Six 
weeks  ago  he  began  to  lose  his  sight  and  is  now  almost  blind.  For  two  months 
he  has  been  unsteady  on  his  feet,  especially  in  walking  at  night.  Some  exoph- 
thalmos is  noted.  Slight  ptosis  of  both  eyes  exists.  The  face  and  lips  are 
cyanotic.  The  pupils  are  irregular,  fixed,  unequal,  with  no  reaction  to  light 
or  accommodation.  His  gait  is  uncertain,  with  left  foot  flapped.  The  knee- 
jerk  is  much  diminished.  The  Achilles  reflex  is  absent.  There  is  no  Babinski 
sign.  Edema  of  feet  and  legs  is  present,  with  hypotonus  of  muscles.  Sensi- 
bility to  touch,  pain,  heat  and  cold  is  diminished  below  the  knees.  The  muscle 
sense  is  not  good.  There  is  incoordination  of  the  hands.  There  is  a  slight  Rom- 
berg sign.  Examination  of  lungs  is  negative.  The  heart  dulness  extends  2  cm. 
to  the  left  of  the  nipple  line.  There  is  also  increase  of  dulness  to  the  right 
of  the  sternum.  The  aortic  second  sound  is  much  accentuated.  The  edge  of 
the  liver  is  palpable  3  finger  breadths  below  the  costal  margin  on  deep  inspira- 
tion.    The  blood  flow  in  the  hands  was  measured  on  February  1. 

W.  B.  C,  a  cigarmaker,  aged  57,  was  admitted  to  Lakeside  Hospital, 
November  8,  with  tabes  dorsalis.  He  complains  of  difficulty  in  walking  and 
ataxia,  most  marked  in  left  leg.  There  are  no  sensory  disturbances,  except 
that  he  does  not  feel  hot  water  on  his  feet  unless  it  is  pretty  hot.  Up  to  the 
present  illness  his  eyesight  has  been  good.  There  is  external  strabismus  of 
the  right  eye.  The  pupils  are  unequal  and  irregular  and  do  not  react  to  light, 
but  react  to  accommodation.  Knee-jerk  is  absent.  The  hands  are  ataxic;  he 
has  difficulty  in  buttoning  his  clothes.  Examination  of  heart  and  lungs  is  nega- 
tive.    The  blood  flow  was  examined  November  11. 


10.  Paper  XH  of  this  series. 

11.  Stewart,  G.  X.:  The  Blood  Flow  in  the  Hands  and  Feet  in  Certain  Dis- 
eased Conditions  of  the  Vessels  or  of  Their  Nervous  Mechanism,  The  Archhes 
Int.  Med.,  1914,  xiii,  177. 
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The  feet  were  in  bath  at  2 :23  p.  m.,  in  calorimeters  at  2 :36.  At  3 :07  the 
left  foot  was  put  into  water  at  44.3  C.  He  feels  it  comfortably  warm.  At  3:19 
right  foot  was  taken  out  of  calorimeter.     Pulse  84. 

TABLE    16. — Calorimetric    Measurements    in    Case    of    W.    B.    C. 


Time 

Bight 

Left 

Room 

2:34 

31.33 

31.26 

20.9 

2:37 

31.23 

31.18 

20.9 

2:39 

31.22 

31.17 

20.9 

2:41 

31.19 

31.155 

2:43 

31.17 

31.135 

20.9 

2:45 

31.14 

31.13 

21.2 

2:47 

31.11 

31.10 

21.3 

2:49 

31.09 

31.085 

21.3 

2:51 

31.065 

81.07 

21.35 

2:53 

31.04 

31.06 

21.4 

2:55 

31.03 

31.055 

21.7 

2:57 

31.01 

31.05 

21.8 

2:59 

30.99 

31.04 

21.8 

Time 

Bight 

Left 

Boom 

3:01 

30.97 

31.03 

22.0 

3:03 

30.95 

31.01 

22.0 

3:05 

30.925 

30.99 

21.9 

3:07 

30.90 

30.98 

3:09 

30.89 

21.9 

3:11 

30.88 

21.8 

3:13 

30.865 

21.7 

3:15 

30.84 

21.7 

3:17 

30.825 

?:19 

30.81 

21.9 

3:21 

30.74 

30.68 

3:34 

30.52 

30.47 

Cooling  of  foot  calorimeters  in  thrirteen  minutes,  R.,  0.22  C,  L.,  0.21  C. 
Volume  of  right  foot  925  c.c,  of  left  foot  943  c.c.  Water  equivalent  of  feet 
calorimeters  with  contents,  R.,  3,660,  L.,  3,673. 


The  hands  were  in  bath  at  3 :40  p.  m.,  in  calorimeters  at  3 :48^.  At  4 :06 
the  left  hand  was  put  into  water  at  44.7  C.  He  feels  it  warm.  At  4:20  left 
hand  was  put  into  water  at  13  C.  He  feels  it  rather  cold.  Right  hand  taken 
out  of  calorimeter  at  4:29  p.  m. 

TABLE   17. — Calorimetric   Measurements   in   Case   of  W.   B.   C. 


Time 

Eight 

Left 

Boom 

3:48 

31.75 

31.76 

3:50 

31.74 

31.75 

23.3 

3:51 

31.73 

31.74 

23.2 

3:52 

31.73 

31.74 

,    3:53 

31.74 

31.75 

23.2 

3:54 

31.74 

31.75 

23.2 

3:55 

31.75 

81.75 

3:56 

31.76 

31.755 

23.1 

3:57 

31.77 

81.765 

3:58 

31.78 

31.775 

3:59 

31.79 

81.785 

28.0 

4:00 

31.80 

31.80 

4:01 

31.81 

31.82 

22.9 

4:02 

.31.82 

31.88 

4:03 

31.835 

31.84 

22.9 

4:04 

31.85 

31.85 

4:05 

31.86 

31.86 

28.0 

4:06 

31.87 

31.86 

4:07 

31.88 

4:06 

31.89 

23.0 

4:09 

31.89 

Time 

Bight 

Left 

Boom 

4:10 
4:11 
4:12 
4:13 
4:14 
4:15 
4:16 
4:17 
4:18 
4:19 
4:20 
4:21 
4:22 
4:23 
4:24 
4:25 
4:26 
4:27 
4:28 
4:29 
4:88 

31.89 

31.89 

31.90 

31.90 

31.91 

31.98 

31.95 

31.97 

31.99 

31.99 

32.01 

32.01 

32.02 

32.03 

32.04 

32.05 

32.06 

32.065 

32.07 

32.08 

31.95 

SIM 

22.9 
22.7 
22.8 
22.9 
22.9 

22.8 
22.6 
22.7 
22.5 
22.7 

Cooling  of  hand  calorimeters,  R.,  0.13  C.  in  nine  minutes,  L.,  0.42  C.  in 
thirty-two  minutes.  Volume  of  right  hand  380  c.c,  of  left  388  c.c.  Water 
equivalent  of  hand  calorimeters  with  contents,  R.,  3,399,  L.,  3,405.  Rectal  tem- 
perature 36.90  C. 

In  W.  B.  C.  the  blood  flow  in  the  right  foot  was  0.54  gram  and  in 
the  left  foot  0.87  gram  per  100  c.c.  per  minute  with  room  temperature 
21.5  C.  During  immersion  of  the  left  foot  (for  a  period  of  twelve 
minutes)  in  warm  water,  the  flow  in  the  right  was  0.75  gram  per  100 
c.c.  per  minute.    The  hand  flows  before  testing  the  vasomotor  reaction 
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were  5.42  grams  for  the  right,  and  5.05  grams  for  the  left  with  room 
temperature  22.9  C.  Immersion  of  the  left  hand  in  warm  water 
reduced  the  flow  in  the  right  (for  the  first  five  minutes)  to  4.01  grams 
per  100  c.c.  per  minute.  For  the  remaining  nine  minutes  of  the  period 
of  immersion,  the  flow  in  the  right  hand  rose  to  6.16  grams  per  100  c.c. 
per  minute.  A  subsequent  immersion  of  the  left  hand  in  cold  water 
caused  a  diminution  in  the  flow  in  the  right  to  3.26  grams  but  only  for 
a  single  minute,  the  flow  then  rising  for  the  remainder  of  the  period  of 
immersion  to  5.3  grams  per  100  c.c.  per  minute. 

Gabriel  M.,  a  barber,  aged  41,  was  admitted  to  Lakeside  Hospital,  Novem- 
ber 13,  with  the  diagnosis  of  tabes.  He  complains  of  seeing  double,  that  the 
left  leg  is  weaker  than  the  right  and  that  he  gets  tired  in  walking.  The  patellar 
and  Achilles  reflexes  are  absent  from  both  sides.  The  biceps  and  triceps 
reflexes  are  present  in  both  arms.  The  plantar  reflex  is  normal.  There  is 
marked  hypotonus  of  the  iliofemoral  muscles  with  ataxia.  There  is  ataxia 
also  of  the  toes.  Vibration  is  everywhere  perceived.  Hypesthesia  to  the  needle 
is  noted  in  both  lower  extremities,  with  great  delay  in  transmission.  Over 
the  left  leg  the  delay  is  fully  two  seconds.  Romberg's  sign  is  positive.  The 
spinal  fluid  is  clear  under  normal  pressure,  the  cell  count  8,  Noguchi  negative, 
Wassermann  strongly  positive.  The  grip  of  the  hands  is  fairly  strong.  There 
is  no  incoordination  of  the  hand  movements.  Sometimes  a  good  deal  of  pain 
is  present  in  the  legs  especially  at  night.  The  feet  are  habitually  cold.  Particu- 
lars of  the  first  examination  of  the  blood  flow  in  the  hands  on  November  17  are 
given  in  the  general  table. 

Second  examination  of  blood  flow  in  Gabriel  M.,  November  19 :  Hands  in 
bath  at  3:43  p.  m.,  in  the  calorimeters  at  3:52.  At  4:10  p.  m.  the  left  hand 
was  put  into  water  at  43  C.  At  4:20  p.  q?.  the  right  hand  was  taken  out  of 
the  calorimeter.    Pulse  100. 


TABLE   18. — C.^LORIMETRIC   Measusements   in    Second   Examination    of 

Gabriel   M. 


Time 


Bight 


L€ft 


Boom 


Time 


Right 


Left 


Boom 


3:51 

31.7S 

31.64 

3:58 

81.72 

31.63 

24.0 

3:54 

31.715 

31.625 

24.0 

3:55 

31.71 

31.62 

3:56 

81.71 

31.62 

24.0 

3:57 

31.705 

31.61 

3:58 

31.71 

31.62 

24.1 

3:59 

31.715 

31.63 

4:00 

81.72 

31.635 

24.1 

4:01 

81.72 

31.63 

4:02 

81.72 

31.63 

24.1 

4:03 

81.725 

31.635 

4:04 

31.73 

31.64 

4:05 

31.735 

31.645 

24.2 

4:06 

31.74 

31.65 

4:07 

31.75 

31.65 

24.15 

4:08 

31.755 

31.655 

4:09 

31.76 

31.66 

24.2 

4:10 

31.7K 

31.66 

4:U 

31.77 

4:12 

31.77        ' 

24.2 

4:18 

81.78 

4:14 

81.78 

24.2 

4:15 

S1.T9 

4:16 

31.795      '■ 

24.3 

4:17 

31.795      ; 

4:18 

81.795 

24.4 

4:19 

81.80        1 

24.8 

4:20 

81.81 

4:33 

31.65 

Cooling  of  hand  calorimeters,  R.,  0.16  C.  in  thirteen  minutes,  L.,  029  C.  in 
twenty-three  minutes.  Volume  of  right  hand,  424  c.c,  of  left  407  c.c.  Water 
equivalent  of  calorimeters  with  contents,  R.,  3,434,  L.,  3,420.  Rectal  temper- 
ature 37.20  C. 

Third  examination  of  blood  flow  in  Gabriel  M.,  November  24.  Feet  in  bath  at 
2:45  p.  m.,  in  calorimeters  at  2:56.  At  3:44  right  foot  put  into  water  at  43  C. 
At  3:58  right  foot  put  into  water  at  8.7  C.  He  felt  it  very  cold  at  first.  At 
4:12  p.  m.  left  foot  taken  out  of  calorimeter. 
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TABLE    19. — Calorimetric    Measurements    in    Third    Examination    of 

Gabriel   M. 


Time 

Bight 

Left 

Boom 

2:55 

81.82 

81.86 

20.1 

2:58 

31.63 

31.66 

3:00 

31.54 

31.57 

3:02 

31.47 

31.52 

20.3 

3:04 

31.39 

81.45 

20.7 

3:06 

31.32 

31.39 

20.8 

3:08 

31.26 

31.85 

21.0 

3:10 

31.21 

31.29 

21.0 

3:12 

31.17 

31.25 

21.1 

3:14 

31.12 

31.20 

21.2 

3:16 

31.08 

31.16 

21.3 

3:18 

31.05 

31.13 

21.4 

3:20 

31.01 

31.10 

21.5 

3:22 

30.98 

31.07 

21.7 

3:24 

30.96 

31.06 

21.7 

3:26 

30.94 

31.03 

21.9 

3:28 

30.92 

31.01 

22.0 

3:80 

30.90 

30.985 

3:32 

30.895 

30.97 

22.1 

3:34 

80.89 

30.955 

22.2 

3:36 

30.88 

80.95 

22.2 

Time 

Bight 

Left 

Boom 

3:88 

30.88 

30.94 

22.3 

3:40 

30.87 

30.93 

3:42 

30.87 

80.92 

3:44 

30.86 

30.90 

3:46 

30.795 

80.885 

22.4 

3:48 

30.87 

22.6 

3:50 

30.865 

22.6 

3:52 

80.86 

22.6 

8:54 

30.855 

22.6 

3:56 

30.85 

22.7 

8:58 

80.845 

4:00 

30.835 

22.8 

4:02 

80.83 

22.8 

4:04 

30.82 

4:06 

30.81 

22.9 

4:08 

80.80 

23.1 

4:10 

80.79 

22.9 

4:12 

80.77 

4:13 

30.755 

4:27 

30.09 

80.52 

Cooling  of  foot  calorimeters,  R.,  0.705  C.  in  forty-one  minutes,  L.,  0.235  C. 
in  fourteen  minutes.  Volume  of  right  foot  1,092  c.c,  of  left  1,087  c.c.  Water 
equivalent  of  foot  calorimeters  with  contents  R.,  3,783,  L.,  3,779.     Pulse  108. 

Hands  in  bath  at  4.33J4  p.  m.,  in  calorimeters  at  4:32,  out  of  calorimeters 
at  4:43. 

TABLE   20. — Calorimetric    Measurements    in    Third    Examination    of 

Gabriel   M. 


Time 

Bight 

Left 

Boom 

4:31 

31.48 

31.89 

24.2 

4:33 

31.42 

81.86 

24.7 

4:34 

31.42 

31.36 

24.5 

4:35 

31.415 

31.855 

24.2 

4:36 

31.42 

31.86 

4:37 

31.42 

31.86 

28.7 

4:38 

31.41 

31.36 

23.4 

Time 

Bight 

Left 

Boom 

4:39 

31.41 

31.355 

4:40 

31.41 

81.255 

23.4 

4:41 

31.41 

31.865 

4:42 

31.41 

81.865 

4:43 

31.42 

31.37 

23.9 

4:49 

81.82 

81.28 

Cooling  of  hand  calorimeters  in  six  minutes,  R.,  0.10  C,  L.,  0.09  C.  Rectal 
temperature  37.55  C.  Volume  of  right  hand  425  c.c,  of  left  390  c.c.  Water 
equivalent  of  hand  calorimeters  with  contents,  R.,  3,435,  L.,  3,407. 

The  flow  in  the  right  hand  of  Gabriel  M.  at  the  first  examination 
was  1.0  gram,  in  the  left  1.37  grams  per  100  c.c.  per  minute  with  room 
temperature  22.6  C.  Two  days  later  the  flows  were  2.91  grams  and 
2.86  grams  for  the  right  and  left  hands  respectively  with  the  higher 
room  temperature  of  23.9  C.  Immersion  of  the  left  hand  in  warm 
water  caused  scarcely  any  increase  of  flow  in  the  right  hand,  which 
came  out  3.07  grams  per  100  c.c.  per  minute  during  the  ten  minutes  of 
the  period  of  immersion.  The  flow  in  the  right  foot  at  the  same 
examination  was  0.56  gram,  and  in  the  left  0.62  gram.  The  ratio 
of  the  combined  foot  flows  to  the  combined  hand  flows  was  1 :4.89,  indi- 
cating a  relatively  greater  deficiency  in  the  feet  than  in  the  hands. 
This  is  characteristic  of  all  the  cases  of  tabes  examined.    For  a  period 
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of  twenty-two  minutes  immersion  of  the  right  foot  in  warm  water  the 
flow  in  the  left  foot  was  slightly  increased  (to  0.89  gram  per  100  c.c. 
per  minute). 

At  the  third  examination  the  flow  in  the  right  hand  of  Gabriel  M. 
was  2.77  grams  and  in  the  left  hand  2.88  grams  with  room  tempera- 
ture 22.1  C.  The  flow  in  the  right  foot  before  testing  of  the  vasomotor 
reflexes  was  0.96  gram  and  in  the  left  foot  0.73  gram.  The  ratio  of 
the  combined  foot  to  the  combined  hand  flows  was  1 :3.93.  During 
immersion  of  the  right  foot  in  warm  water  the  flow  in  the  left  foot 
(for  the  first  four  minutes  of  the  immersion)  sank  to  0.65  gram,  and 
then  rose  to  0.92  gram  per  100  c.c.  per  minute  for  the  remaining  ten 
minutes  of  the  immersion  period.  When  the  right  foot  was  subse- 
quently put  into  cold  water  the  change  was  slight,  the  flow  in  the  left 
foot  being  0.84  gram  per  100  c.c.  per  minute  for  the  first  four  minutes 
of  the  immersion  and  0.70  gram  for  the  remaining  ten  minutes. 

TABLE     21. — Calorimetric     Measurements     in     Second     Examination     of 

John    M. 


Time 

Eight 

Left 

Boom 

Time 

Bight             Left          Boom 

2:14 

31.79 

31.68 

2:31 

32.115               24.4 

2:15 

31.77 

31.67 

2:32 

32.15 

2:16 

31.78 

31.68 

23.8      • 

2:33 

32.186 

24.7 

2:17 

31.785 

31.69 

2:34 

32.21 

2:18 

31.795 

31.70 

2:35 

32.24 

2:19 

31.82 

31.73 

1      24.4 

2:96 

32.28 

2:20 

31.86 

31.76 

;      24.2 

2:37 

32.31 

24.8 

2:21 

31.88 

31.79 

1 

2:38 

32.336 

2:22 

31.90 

31.82 

2:39 

82.37 

24.5 

2:23 

31.92 

31.85 

1 

2:40 

32.396 

2:24 

31.94 

31.87 

!      23.9 

2:41 

32.^ 

24.0 

2:25 

31.98 

31.90 

2:42 

32.45 

2:26 

32.00 

31.93 

2:43 

32.49 

23.4 

2:27 

32.025 

1      24.1 

2:44 

32.82 

23.4 

2:28 

32.06 

2:45 

32.57 

i      23.8 

2:29 

32.07 

24.2 

2:52 

32.47 

31.55        J 

2:30 

32.09 

1 

1 

! 

Cooling  of  hand  calorimeters,  R.,  0.10  C.  in  seven  minutes,  L.,  0.38  C.  in 
twenty-six  minutes.  Volume  of  right  hand  426  c.c,  of  left  399  c.c.  Water 
equivalent  of  hand  calorimeters  with  contents,  R.,  3,436,  L.,  3,414.     Pulse  96. 


John  M.,  a  laborer,  aged  45,  was  admitted  December  2  at  Lakeside  Hospita' 
with  the  diagnosis  of  tabes,  complaining  of  incontinence  of  urine  and  trouble 
in  walking.  A  history  was  given  of  gonorrhea.  He  says  he  was  bit  in  the  arm 
twenty-eight  years  ago  by  a  person  supposed  to  have  had  lues.  He  denies 
having  had  chancre.  His  present  illness  seems  to  have  commenced  fourteen 
years  ago.  The  reflexes  are  hypo-active  in  the  biceps  and  supinator  of  both 
arms.  The  lower  extremities  are  ataxic.  The  patellar  and  ankle  reflexes  are 
absent,  also  the  plantar  reflexes.  There  is  no  Babinski  or  Kernig's  sign.  Rom- 
berg's sign  is  positive.  He  feels  a  point  on  the  feet  but  the  response  is  slow. 
He  walks  fairly  well,  better  than  some  time  ago,  he  says.  The  pupils  are  equal, 
central  and  regular,  but  do  not  react  to  light  and  very  sluggishly  to  accommo- 
dation. The  skin  of  the  nose  is  covered  entirely  by  scar  tissue ;  the  septum 
is  deficient  posteriorly.  Blood  examination,  erythrocytes  4,976,000,  white  blood 
corpuscles  6,200,  hemoglobin  80  per  cent.     The  blood  flow  was  examined  on 
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December  3  and  December  8.  The  particulars  of  the  flow  in  the  feet  at  first 
examination  of  John  M.  are  given  in  the  general  table. 

Second  examination  of  blood  flow  in  John  M.,  Dec.  8,  1914.  Hands  were 
in  bath  at  2:05  p.  m.,  in  calorimeters  at  2:14j4.  At  2:26  p.  m.  the  left  hand 
was  put  into  water  at  8  C.  At  2:36  p.  m.  the  left  hand  was  put  into  water  at 
43.1  C.    At  2:45  p.  m.  the  right  hand  was  taken  out  of  the  calorimeter. 

The  feet  were  in  bath  at  2 :5S  p.  m.,  in  calorimeters  at  3 :06.  At  3 :41  p.  m. 
right  foot  was  put  into  water  at  8.3  C.  He  feels  it  pretty  cold.  At  3 :55  p.  m. 
left  foot  taken  out  of  calorimeter. 

TABLE   22. — Calorimetric   Measurements    in    Second   Examination   of 

John   M.    (Feet) 


Time 

Bight 

Left 

Boom 

3:05 

32.28 

32.33 

24.8 

3:08 

32.18 

32.25 

24.8 

3:09 

32.15 

32.20 

24.9 

8:11 

82.12 

32.17 

3:13 

32.11 

32.16 

24.5 

8:15 

82.10 

32.155 

8:17 

32.09 

32.145 

24.8 

3:19 

32.07 

32.13 

24.9 

8:21 

82.05 

32.11 

24.7 

3:23 

82.02 

32.085 

3:25 

82.00 

32.07 

24.5 

3:27 

82.00 

32.065 

3:29 

81.99 

32.06 

24.5 

3:31 

81.985 

32.06 

24.7 

Time 

Bight 

Left 

Boom 

3:33 

31.98 

32.055 

24.8 

3:35 

31.98 

32.055 

24.8 

3:37 

31.97 

32.06 

24.8 

3:39 

81.97 

32.06 

3:41 

81.96 

32.065 

24.8 

3:43 

81.88 

32.665 

24.7 

3:45 

32.06 

24.8 

3:47 

32.055 

3:49 

82.05 

24.5 

3:51 

82.045 

24.6 

3:53 

82.04 

24.8 

3:55 

82.04 

3:58 

81.97 

4:04 

31.51 

31.86 

Cooling  of  foot  calorimeters,  R.,  0.37  C.  in  twenty-one  minutes,  L.,  0.11  C. 
in  six  minutes.  Rectal  temperature,  37.65  C.  Volume  of  right  foot,  1,006  c.c, 
of  left,  1,001  c.c.  Water  equivalent  of  foot  calorimeters  with  contents,  R.,  3,720, 
L.,  3,716. 

In  John  M.  at  the  first  examination  the  flows  in  the  right  and  left 
foot  respectively,  before  the  vasomotor  reflexes  were  tested,  were  1.27 
grams  and  1.28  grams  per  100  c.c.  per  minute,  with  room  temperature 
24.2  C.  For  a  period  of  twelve  minutes  immersion  of  the  right  foot  in 
cold  water,  the  flow  in  the  left  was  reduced  to  0.95  gram  per  100  c.c. 
per  minute.  Subsequent  immersion  of  the  right  foot  in  warm  water 
for  a  period  of  fourteen  minutes  caused  an  increase  of  the  flow  in  the 
left  to  1.52  grams  per  100  c.c.  per  minute.  Five  days  later  the  flow 
in  the  right  hand  was  found  to  be  6.60  grams  and  in  the  left  7.57  grams 
with  room  temperature  24  C.  When  the  left  hand  was  put  into  cold 
water  the  flow  in  the  right  fell  to  6.46  grams  per  100  c.c.  per  minute 
for  the  first  five  minutes  and  then  rose  for  the  remaining  five  minutes 
of  the  period  of  immersion  of  the  left  hand,  to  8.47  grams  per  100  c.c. 
per  minute,  an  insignificant  reaction.  When  the  left  hand  was  subse- 
quently immersed  in  warm  water  the  flow  in  the  right  hand  was  only 
increased  to  8.79  grams  per  100  c.c.  per  minute  for  the  whole  nine 
minutes  of  the  period  of  immersion.  At  the  same  examination  the  flow 
in  the  right  foot  came  out,  before  the  vasomotor  reflexes  were  tested, 
1.35  grams  per  100  c.c.  per  minute  and  that  in  the  left  foot  1.57  grams, 
with  room  temperature  24.7  C.  The  ratio  of  the  combined  foot  flow 
to  the  combined  hand  flow  was  1 :4.85.    The  room  was  warm  and  the 
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patient  perspiring,  so  that  the  flows  both  in  hands  and  feet  are  really 
more  deficient  than  the  actual  numbers  would  suggest,  and  the  same 
is  true  for  the  foot  flows  at  the  first  examination.  When  the  right  foot 
was  immersed  in  cold  water  the  flow  in  the  left  foot  was  only  slightly 
changed,  falling  to  1.39  grams  per  100  c.c.  per  minute  for  the  whole 
fourteen  minutes  of  the  immersion. 

The  case  of  Joseph  K.  is  of  interest,  inasmuch  as  the  suggested 
diagnosis  of  malingering  was  not,  as  regards  the  symptoms  described 
in  the  legs,  supported  by  the  blood  flow  examination,  which,  on  the  con- 
trary, indicated  a  real  pathologic  condition. 

Joseph  K.,  a  laborer,  aged  48,  was  admitted  to  the  hospital  June  17.  There 
appears  to  be  delayed  sensation  in  the  extremities.  He  says  that  he  does  not 
feel  heat  or  vibratory  sensation  in  the  thighs.  Pin  pricks  are  apparently  not 
well  recognized.  Knee-jerk  and  Achilles  reflex  are  strong.  He  complains  of 
pain  in  the  left  leg.  Says  he  has  cold  sweats  on  legs  and  feet  at  night  in  bed. 
His  legs  feel  cold  to  his  hand,  although  he  expects  them  to  be  warm  since  they 
are  covered  with  sweat.  He  pinches  his  calf  and  says  he  feels  nothing  there. 
A  zone  en  the  calves  is  apparently  anesthetic  to  contact.     In  front  on  the  shins 

TABLE   23. — Calorimetric   Measurements   in    Case   of   Joseph    K. 


Time 

Bight 

Left 

Boom 

1:53 

31.13 

31.12 

1:55 

31.12 

31.125 

27.2 

1:56 

31.16 

31.16 

•      1:57 

31.21 

31.22 

1:58 

31.26 

31.27 

27.2 

1:59 

31.31 

31.325 

2:00 

31.36 

31.36 

2:01 

31.42 

31.41 

27.3 

2:02 

31.49 

31.47 

2:03 

31.54 

31.525 

2:04 

31.605 

31.585 

27.3 

2:05 

31.68 

31.64 

2:06 

31.73 

31.60 

2:07 

31.76 

2:08 

31.79 

27.3 

2:00 

31.80 

2:10 

31.825 

2:11 

31.87 

Time 

Eight 

Left       1  Boom 

2:12 

31.905 

2:13 

31.925 

27.4 

2:14 

31.96 

2:15 

31.995 

^ 

2:16 

32.025 

27.4 

2:17 

32.05 

2:18 

32.08 

2:19 

32.12 

27.5 

2:20 

32.165 

2:21 

32.206 

2:22 

32.26 

2:23 

32.30 



27.55 

2:24 

32.365 

2:25 

32.42 

1 

2:26 

32.48 

i      27.55 

2:27 

32.545 

2:83 

32.49 

31.505 

Cooling  of  calorimeters,  R.,  0.055  C.  in  six  minutes,  L.,  0.195  C.  in  twenty- 
seven  minutes.  Volume  of  right  hand  495  c.c,  of  left  hand  479  c.c.  Water 
equivalent  of  calorimeters  with  contents,  R.,  3,491,  L.,  3,478.  Rectal  temper- 
ature 37.55  C. 

at  this  level  he  feels  contact,  as  also  on  the  patellae  and  on  the  feet.  He  feels 
warm  water  on  the  feet.  He  says  his  hand  "shortens"  when  he  tries  to  write. 
His  pupils  react  to  light  and  accommodation.  The  chest  examination  reveals 
nothing  special.  Temperature  normal.  Blood  examination  on  June  24  gave 
erythrocytes  5,120,000;  leukocytes  9,400;  hemoglobin  85  per  cent.  Two  Wasser- 
mann  tests  were  negative  for  blood,  as  also  the  Wassermann  and  Noguchi 
reactions  for  spinal  fluid.  On  June  26  pin  pricks  were  better  appreciated  over 
the  thighs;  the  knee-jerks  were  not  strong,  but  were  equal  on  the  two  sides. 
The  patient  was  discharged  on  July  3  "cured,"  with  a  suggestion  that  he  was 
malingering.  Blood  flow  in  the  hands  and  feet  was  examined  on  June  26.  The 
day  was  warm. 

Hands  in  bath  at  1 :41  p.  m.,  in  calorimeters  at  1 :54i^  p.  m.  At  2 :06  p.  m. 
left  hand  immersed  in  cold  water   (8.5  C).     He  says  he  feels  the  water  very 
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cold.    At  2:16  p.  m.  left  hand  put  into  water  at  41.4  C.    At  2:27  the  right  hand 
taken  out  of  calorimeter. 

The  flow  in  the  right  hand  in  Joseph  K.  was  8.94  grams  and  in 
the  left  8.75  grams  per  100  c.c.  per  minute  with  room  temperature 
27.3  C.  For  the  man's  age  and  the  high  room  temperature,  these  flows 
are  fair  but  by  no  means  large,  and  the  slight  preponderance  in  the 
right  hand  is  entirely  normal.  The  vasomotor  reflexes  in  the  hand 
both  to  cold  and  warmth  were  also  normal  in  intensity  and  duration. 
In  the  feet,  on  the  contrary,  the  flows  came  out  extremely  small, 
especially  taking  into  account  the  high  room  temperature  (0.50  grams 
for  the  right  and  0.54  gram  per  100  c.c.  per  minute  for  the  left  foot, 
with  room  temperature  26.4  C).  This  is  quite  in  agreement  with  the 
patient's  statement  as  to  the  coldness  of  his  feet.  Also  there  was  total 
absence  of  any  vasomotor  reflex  in  the  left  foot  when  the  right  was 
immersed  for  ten  minutes  in  warm  water,  the  flow  remaining  unchanged 
(0.53  gram).  While  the  patient  might  have  showed  some  temporary 
improvement  in  his  not  very  obtrusive  symptoms  during  his  stay  in 
the  hospital,  it  seems  unlikely  that  such  definite  blood  flow  results  for 
the  feet  should  be  devoid  of  significance.  They  at  any  rate  would  sug- 
gest the  necessity  in  such  a  case  of  renewed  careful  examination  of  the 
patient  before  the  suggestion  of  malingering  could  be  accepted. 

In  Fred  It.,  a  man  aged  22,  with  a  glioma  of  the  occipital  lobe,  the 
striking  feature  of  the  blood-flow  examination  was  the  great  intensity 
of  the  contralateral  vasomotor  reflexes  both  to  heat  and  cold.  Two 
examinations  were  made  within  eight  days  and  this  was  clearly  seen 
at  both.  It  is  a  plausible  suggestion  that  the  increased  intracranial 
pressure,  of  which  there  were  evident  symptoms,  may  have  rendered 
the  vasomotor  centers  hyperexcitable.  It  is  possible  also  that  the 
rather  small  flows  for  the  age  of  the  patient  might  have  been  due 
to  a  peripheral  vasoconstriction  produced  in  this  way  in  the  interest 
of  the  brain  circulation. 

Fred.  L.  was  first  admitted  to  Lakeside  Hospital,  June  30,  1908.  He  com- 
plained of  dizzy  attacks  and  severe  headache.  The  attacks  occurred  about  once 
a  week  and  varied  in  intensity.  There  was  never  any  nausea  or  vomiting. 
Severe  headaches  had  occurred  nearly  every  day  since  his  first  trouble.  Exami- 
nation of  the  eyes  showed  choked  disk  and  hemianopsia.  He  could  not  see 
objects  at  his  right.  Hearing,  the  same  on  both  sides,  was  a  little  less  acute 
than  normal.  Numerous  lumbar  punctures  were  made,  and  finally  a  decompres- 
sion operation  was  done.  Two  years  later  he  reported  to  the  dispensary  much 
improved.  He  again  reported  July  18,  1911,  that  occipital  headache  came  on 
at  night  and  prevented  sleep.  Only  large  doses  of  morphin  quieted  him  at  all. 
He  was  readmitted  to  the  hospital,  Oct.  8,  1912.  Hemianopsia  was  present  as 
before.  The  blood  flow  in  the  hands  was  twice  examined  (Nov.  18  and  Nov.  26, 
1912).  On  November  27  he  left  the  hospital  for  Thanksgiving  and  returned 
on  November  28  with  severe  headache  and  vomiting.  On  November  29  an 
operation  was   resolved   on,    during  which   he   died.     The   necropsy   showed  a 


33 


glioma  with  cystic  degeneration  in  the  left  occipital  lobe  resting  on  the  ten- 
torium.   The  cyst  measured  about  5  cm.  by  3  cm. 

First  blood  flow  examination  of  Fred.  L. :  Hands  in  bath  at  3 :07  p.  m.,  in 
calorimeters  at  3 :20^.  At  3 :38  left  hand  immersed  in  water  at  43  C.  Pulse  88. 
At  3:50  p.  m.  the  left  hand  was  put  into  water  at  11.2  C.  He  feels  the  water 
very  cold.    At  4:02  right  hand  was  removed  from  calorimeter. 

TABLE    24. — C.alorimetric    Measurements    in    Case    of    Fred.    L. 


Time 

Right 

Left 

Boom 

3:20 

30.44 

30.42 

3:22 

30.37 

30.40 

3:23 

30.38 

30.41 

3:24 

30.38 

30.42 

3:25 

30.385 

30.43 

22.0 

3:26 

30.41 

30.47 

3:27 

30.43 

30.50 

22.1 

3:28 

30.48 

30.53 

3:29 

30.52 

30.565 

22.1 

3:30 

30.58 

30.58 

3:31 

30.60 

30.60 

22.0 

3:32 

30.61 

30.62 

3:33 

30.63 

30.64 

22.0 

3:34 

30.66 

30.68 

3:35 

30.69 

30.70 

3:36 

30.71 

30.71* 

3:37 

30.71 

30.71 

3:38 

30.73 

30.70 

3:39 

30.74 

3:40 

30.765      : 

3:41 

30.80 

3:42 

30.83 

Time 


Bight 


Left 


Boom 


3:43 

30.88 

3:44 

30.92 

3:45 

30.96 

3:46 

31.01 

3:47 

31.06 

3:48 

31.09 

3:49 

31.12 

3:50 

31.18 

3:51 

31.18 

3:52 

31.185 

3:53 

31.19 

3:54 

31.19 

3:55 

31.19 

3:56 

31.195 

3:57 

31.225 

3:58 

31.245 

3:5© 

31.25 

4:00 

31.27 

4:01 

31.28 

4:02 

31.31 

4:12 

31.19 

30.58 


23.0 
22.8 


22.5 
22.1 


22.2 


Cooling  of  calorimeters  in  ten  minutes,  R.,  0.12  C,  L.,  0.11  C.  Volume  of 
right  hand  385  c.c,  of  left  Zll  c.c.  His  hands  are  thin.  Water  equivalent  of 
calorimeters  with  contents,  R.,  3,403,  L.,  3,397.     Rectal  temperature  37.7   C. 

*  He  is  paying  great  attention  to  the  preparations  for  the  warm  water  test. 

TABLE   25. — Calorimetric   Measurements   in    Second   Examination   of 

Fred.    L. 


Time 

Bight 

Left 

Boom 

10:57% 

31.17 

31.19 

21.0 

11:00 

31.195 

31.21 

11:01 

31.205 

31.225 

11:02 

31.21 

31.26 

21.5 

11:03 

31.22 

31.28 

11:04 

31i!4 

31.295 

21.5 

11:05 

31.295 

31.31 

11:06 

31.295 

31.335 

21.4 

11:07 

31.32 

31.35 

11:08 

31.34 

31.37 

21.35 

11:09 

31.39 

31.395 

11:10 

31.395 

31.405 

11:11 

31.42 

31.42 

11:12 

31.45 

31.435 

11:13 

31.50 

31.46 

11:14 

31.465 

20.9 

11:15 

31.48 

U:16 

31.505 

11:17 

31.565 

20.7 

11:18 



31.605 

11:19 

31.635 

20.7 

11:20 

31.675 

U:2l 

31.66 

11:22 

31.73 

20.6 

11:23 

31.76 

Time 


Bight 


Left 


Boom 


11:24 
11:25 
11:26 
11:27 
11:28 
11:29 
11:30 
11:31 
11:32 
11:33 
11:34 
11:35 
11:36 
11:37 
11:38 
11:39 
11:40 
11:41 
11:42 
11:43 
11:44 
U:45 
11:46 
12:02 


30.82 


31.785 

20.6 

31.795 

31.80 

20.7 

31.795 

31.80 

31.805 

20.7 

31.81 

31.82 

31.82 

31.82 

20.7 

31.815 

31.825 

31.835 

31.86 

20.7 

31.875 

a.8o 

20.7 

31.90 

31.915 

31.935 

31.95 

20.7 

31.965 

31.975 

31.99 

31.725 

Cooling  of  calorimeters,  R.,  0.68  C.  in  49  minutes,  L.,  0.265  C.  in  sixteen 
minutes.  Volume  of  right  hand  389  c.c,  of  left  380  c.c.  Water  equivalent  of 
calorimeters  with  contents,  R.,  3,406,  L.,  3,399.     Rectal  temperature  37.75  C. 
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Second  blood  flow  examination  of  Fred.  L. :  He  says  he  is  feeling  better 
than  at  the  previous  examination  though  he  was  sick  (vomiting)  all  yesterday 
morning.  Hands  were  in  bath  at  10:45j/^  a.  m.,  in  calorimeters  at  10:58i^.  At 
11:13  a.  m.  the  right  hand  was  put  into  water  at  43  C.  At  11:24  a.  m,  the 
right  hand  was  put  into  water  at  10.5  C.  At  11:35  right  hand  was  again 
immersed  in  water  at  43  C.  At  11:46  right  hand  was  taken  out  of  calorimeter. 
Pulse  100. 

At  the  first  examination  the  flow  in  the  right  hand  in  Fred  L.  was 
5.43  grams  and  in  the  left  4.80  grams  per  100  c.c.  per  minute  with 
room  temperature  22  C.  (ratio  1:1.13).  Immersion  of  the  left  hand 
in  warm  water  reduced  the  flow  for  the  first  two  minutes  in  the  right 
hand  to  4.18  grams  per  100  c.c.  per  minute.  For  the  remaining  ten 
minutes  of  the  period  of  immersion  the  flow  in  the  right  hand  rose 
to  8.28  grams  per  100  c.c.  per  minute,  a  marked  reflex  vasodilatation. 
When  the  left  hand  was  now  immersed  in  cold  water  the  flow  in  the 
right  hand  fell  to  2.28  grams  per  100  c.c.  per  minute  for  the  first  six 
minutes  of  the  period  of  immersion.  For  the  remaining  six  minutes  of 
the  period  it  rose  somewhat  but  only  to  4.84  grams.  The  reflex  vaso- 
constriction was  thus  very  intense  and  durable.  At  the  second  exami- 
nation the  flow  for  the  right  hand,  before  the  vasomotor  reaction  was 
tested,  was  6.15  grams  per  100  c.c.  per  minute  and  for  the  left  5.49 
grams  with  room  temperature  21.4  C.  (ratio  1:1.12,  almost  precisely 
the  same  as  at  the  previous  examination).  The  vasomotor  reflex  tests 
also  showed  intense  and  persistent  effects. 

In  a  young  man  (J.  S.),  recovering  from  tetanus  after  antitoxin 
treatment,  vasomotor  reflexes  fully  as  intense  were  observed.  There 
was  no  direct  evidence  that  this  condition  was  due  to  the  action  of  the 
tetanus  toxin  or  antitoxin  on  the  nervous  system,  but  the  extent  of  the 
crossed  vasomotor  reflexes  was  certainly  notable. 

TABLE    26. — Calorimetric    Measurements    in    Case    of    J.    S. 


Time 

Right 

Left 

Boom 

1:37 

30.53 

30.54 

1:39 

30.49 

30.51 

25.5 

1:40 

30.48 

30.49 

1:41 

30.47 

30.49 

1:42 

30.48 

30.50 

1:43 

30.495 

30.52 

1:44 

30.51 

30.54 

26.0 

1:45 

30.535 

30.56 

1:46 

30.58 

30.61 

1:47 

30.61 

30.64 

1:48 

30.63 

30.67 

25.9 

1:49 

30.65 

30.72 

1:50 

30.68 

30.74 

1:51 

30.69 

1:52 

30.705 

26.2 

1:53 

30.72 

Time 

Right 

Left 

Boom 

1:54 

30.74 

1:55 

30.795 

1:56 

30.83 

1:57 

30.89 

1:58 

30.935 

26.0 

1:59 

30.995 

2:00 

31.05 

2:01 

31.08 

2:02 

31.095 

2:03 

31.10 



26.0 

2:04 

31.16 

2:05 

31.22 

2:06 

31.27 

25.8 

2:07 

31.31 

2:08 

31.37 

2:17 

31.29 

30.55 

Cooling  of  calorimeters,  R.,  0.08  C.  in  nine  minutes,  L.,  0.19  C.  in  twenty- 
seven  mmutes.     Volume  of  right  hand  389  c.c,  of  left  hand  358  c.c. 

J.  S.,  a  young  laborer,  was  admitted  to  the  City  Hospital,  March  18,  suffer- 
ing from  tetanus.  On  March  9  his  right  thumb  was  injured  by  a  machine.  On 
March  16  pain  and  stiffness  were  present  in  the  jaw.    Three  days  later  his  back 
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was  stiff  and  painful ;  attacks  of  cramp-like  rigidity  occurred.  When  admitted 
there  was  a  spastic  condition  of  legs,  arms  and  hands,  and  some  spasm  of  the 
jaw.  He  was  treated  with  large  doses  of  antitoxin.  The  blood  flow  in  the 
hands  was  examined  on  April  5.  The  thumb  had  nearly  healed.  The  knee- 
jerks  were  still  exaggerated. 

The  hands  were  in  bath  at  1 :28  p.  m.,  in  calorimeters  at  1 :38.  At  1 :50  p.  m. 
the  left  hand  was  immersed  in  water  at  43.5  C.  At  2 :00  p.  m.  the  left  hand 
was  put  into  water  at  7  C.  At  2:08  p.  m.  the  right  hand  was  taken  out  of  the 
calorimeter.    Pulse  92,  rather  weak.    Mouth  temperature  37.3  C. 

The  initial  flow  in  the  hands  of  J.  S.  was  subnormal  for  his  age  and 
the  room  temperature  (5.32  grams  per  100  c.c.  per  minute  for  the  right 
hand  and  6.3  grams  for  the  left,  with  room  temperature  25.9  C).  On 
immersion  of  the  left  hand  in  warm  water  the  flow  in  the  right  fell 
to  3.32  grams  per  100  c.c.  per  minute  for  the  first  four  minutes  and 
then  rose  to  9.09  grams  for  the  remaining  six  minutes  of  the  immer- 
sion. When  the  left  hand  was  now  put  into  cold  water  the  flow  in  the 
right  was  cut  down  to  3.9  grams  per  100  c.c.  per  minute  for  the  first 
three  minutes  and  then  increased  (for  the  remaining  five  minutes)  to 
10.14  grams  per  100  c.c.  per  minute.  The  vasomotor  reaction  to  cold 
accordingly,  although  initially  intense,  was  not  especially  persistent, 
giving  way  to  a  marked  vasodilatation  while  the  contralateral  hand  was 
still  in  the  cold  water. 

The  effect  of  certain  poisons  on  the  vasomotor  reflexes,  as  investi- 
gated by  this  method,  seemed  sufficiently  definite  to  be  worthy  of 
mention. 

TABLE    27. — Calorimetric   Measurements    in    Case   of    Mrs.    X. 


Time 

Eight 

Left 

Boom 

Time 

Right 

Left 

Boom 

3:07 

29.965 

29.97 

3:25 

30.925 

27.3 

3:09 

29.995 

30.03 

27.2 

3:26 



30.99 

3:10 

30.03 

30.07 

3:27 

31.03 

3:U 

30.09 

30.13 

3:28 

31.U 

3:12 

30.16 

30.205 

3:29 



31.155 

3:13 

30.25 

30.26 

3:30 

31.20 

3:14 

30.33 

30.34 

3:31 

31 '4 

3:15 

30.45 

30.45 

27.3 

3:32 

31.27 

3:16 

30.525 

30.53 

3:33 



31.33 

27.4 

3:17 

30.605 

30.625 

3:34 

31.42 

3:18 

30.68 

30.68 

3:35 

31.50 

3:19 

30.72 

30.73* 

3:36 

31.60 

3:20 

30.755 

30.755 

3:37 

31.655 

3:rx 

30.795      ■ 

30.79 

3:38 

31.71 

3:22 

1 

30.805 

3:38% 

31.74 

3:23 

30.82 

3:48 

80.625 

27.3 

3:24 

30.85 

3:48% 

31.675 

♦Here  she  began  to  get  nervous  about  the  cold  water  which  she  saw  in 
preparation  being  cooled  by  ice. 

Cooling  of  calorimeters,  R.,  0.17  C.  in  twenty-seven  minutes,  L.,  0.065  C. 
in  ten  minutes.    Volume  of  right  hand  317  c.c,  of  left  hand  326  c.c. 

Mrs.  X.,  aged  48,  height  4  feet,  10  inches,  weight  118  pounds,  was  admitted 
at  the  dispensary  May  11,  1911,  complaining  of  a  cough  that  she  had  had  for 
a  week.     Her  general  health  was  undisturbed.     She  had  had  no  children  but 


36 

eight  miscarriages.     She  was  obviously  under  the  influence  of  alcohol,  and  for 
this  reason  the  blood  flow  in  the  hands  was  examined. 

The  hands  were  in  bath  at  2 :59  p.  m.,  in  calorimeters  at  3 :08.  At  3 :21 
the  right  hand  was  put  into  water  at  8.4  C.  At  3  :30  the  right  hand  was  put 
into  water  at  43  C.  At  3:38^  the  left  hand  was  taken  out  of  the  calorimeter. 
Mouth  temperature  37.35  C.     Pulse  96. 

The  initial  flow  in  this  case  was  good  (13.05  grams  per  100  c.c.  per 
minute  for  the  right  hand  and  12.03  grams  for  the  left),  even  for  the 
relatively  high  room  temperature  (27.3  C).  The  flow  in  the  left  hand 
was  diminished  to  4.6  grams  when  the  right  was  immersed  in  cold 
water.  After  three  minutes  the  vasoconstriction  gave  place  to  vaso- 
dilatation, the  flow  increasing  to  11.08  grams  for  the  remaining  six 
minutes  of  immersion  of  the  right  hand  in  cold  water.  On  immersing 
the  right  hand  in  warm  water  the  flow  in  the  left  sank  to  7.52  grams 
per  100  c.c.  per  minute  (for  three  minutes)  and  then  increased  to  15.92 
grams  per  100  c.c.  per  minute  for  the  remaining  five  and  one-half 
minutes  of  immersion,  an  exceptionally  large  increase  on  the  top  of  the 
good  initial  flow.  The  suggestion  is  that  the  influence  of  the  alcohol 
favors  reflex  vasodilatation  of  the  cutaneous  vessels.  Evidence  of 
this  has  also  been  secured  in  other  cases. 

In  a  case  of  lead  poisoning  with  no  symptoms  of  peripheral  neuritis 
(John  K.)  the  opposite  result  was  obtained,  good  crossed  vasoconstric- 
tion but  practically  no  increase  of  the  initial  flow.  In  other  words,  the 
vasomotor  mechanism,  which  under  the  influence  of  alcohol  was  excep- 
tionally ready  to  respond  to  appropriate  stimuli  by  vasodilatation, 
tended,  under  the  influence  of  lead  poisoning,  to  respond  especially  to 
stimuli  causing  vasoconstriction.  In  accordance  with  this  the  blood 
pressure  was  high  in  John  K.  (180  mm.  Hg).  There  was  no  decided 
anemia  and  the  flow  in  the  hands  before  the  vasomotor  reactions  were 
tested  was  within  the  normal  range  (8.96  grams  per  100  c.c.  per 
minute  for  the  right  hand  and  8.81  grams  for  the  left,  with  room 
temperature  23  C). 

John  K.,  a  laborer,  aged  52,  was  admitted  to  the  City  Hospital,  May  13.  He 
worked  in  an  automobile  factory  scraping  paint  from  wheels.  For  two  weeks 
he  had  been  constipated,  with  intense  pain  in  the  abdomen  and  the  occurrence 
of  vomiting.  A  lead  line  was  noted  on  the  gums.  The  lips  were  red.  A  blood 
count  showed  erythrocytes  4,080,000,  leukocytes  6,800.  Knee-jerks  were  present 
and  equal.  The  grip  of  the  hands  was  not  noticeably  weakened.  The  pupils 
reacted  to  light  and  accommodation.  The  radial  pulse  was  regular  and  of  high 
tension.  There  was  some  fibrosis  of  the  artery.  He  was  discharged  improved 
on  May  25.  The  blood  flow  in  the  hands  was  examined  May  14.  He  works 
best  with  his  left  hand  though  he  eats  and  writes  with  the  right. 

The  hands  were  in  bath  at  1:43  p.  m.,  in  calorimeters  at  1:55^.  At  2:09 
the  left  hand  was  put  into  water  at  8  C.  At  2:20  the  left  hand  was  put  into 
water  at  43.2  C.     At  2:33  the  right  hand  was  taken  out  of  the  calorimeter. 
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TABLE  28. — Calorimetric  Measurements  in    Case   of  John   K. 


Time 

Bight 

-Lett 

Boom 

1:55 

31.00 

30.87 

1:57 

31.07 

30.94 

1:58 

31.12 

31.00 

2:00 

31.21 

31.08 

2:01 

31.27 

31.15 

2:02 

31.33 

31.21 

23.2 

2:03 

31.39 

31.27 

2:04 

31.45 

31.33 

2:05 

31.50 

31.39 

2:06 

31.56 

31.44 

23.0 

2:07 

31.62 

31.50* 

2:08 

31.65 

31.53 

2:09 

31.68 

31.56 

2:10 

31.71 

2:11 

31.72 

2:12 

31.735 

2:13 

31.78 

22.4 

2:14 

31.81 

2:15 

31.87 

Time 

Bight       1 

Left 

Boom 

2:16 

31.895      ! 

2:17 

31.925 

22.3 

2:18 

31.97 

2:19 

31.99 

2:20 

32.02 

2:21 

32.05 

2:22 

32.075 

22.3 

2:23 

32.10        1 

2:24 

32.125      1 

2:25 

32.16        i 

2:26 

32.21        1 

2:27 

32.25 

22.3 

2:28 

32.295 

2:29 

32.32 

2:30 

32.36 

2:31 

32.395      , 

22.3 

2:32 

32.435 

2:33 

32.48 

22.4 

2:46 

32.29 

3i.io 

*  Here  he  saw  ice  brought  and  put  into  the  cold  water  and  seemed  to  become 
apprehensive. 

Cooling  of  calorimeters,  R.,  0.19  C.  in  thirteen  minutes ;  L.,  0.46  C.  in  thirty- 
seven  minutes.  Volume  of  right  hand  475  c.c,  of  left  472  c.c.  Water  equiva- 
lent of  calorimeters  with  contents,  R.,  3,475,  L.,  3,473.     Pulse  108. 

In  another  case  of  lead  poisoning  (S.),  a  man  aged  40,  the  flow 
was  8.05  grams  in  the  right  and  8.74  grams  in  the  left  hand  with  room 
temperature  21.8  C.  In  this  case  also  the  tendency  to  reflex  vasocon- 
striction was  decided,  as  will  be  seen  by  referring  to  the  general  table 
of  results. 


TABLE   29. — Calorimetric  Measurements  in   Case  of   S. 


Time 


Bight 


Left 


Boom 


3:40 
3:41 
3:42 
3:43 
3:44 
3:45 
3:46 
3:47 
3:48 
3:49 
3:50 
3:51 
3:52 
3:53 
3:54 
3:55 
3:56 
3:57 


30.03 

30.10 

30.16 

30.20 

30.28 

30.335 

30.40 

30.495 

30.58 

30.63 

30.66 

30.69 

30.72 

30.78 

30.86 

30.91 

31.00 

31.07 


30.13 

30.20 

30.26 

30.32 

30.39 

30.45 

30.53 

30.625 

30.71 

30.79 


21.9 


21.9 


21.5 


Time 

Bight 

Left 

Boom 

3:58 

31.11 

3:59 

31.12 

4:00 

31.15 

4:01 

31.17 

4:02 

31.18 

21.7 

4:03 

31.195      ■ 

4:04 

31.26 

4:05 

31.31 

4:06 

31.375 

22.9 

4:07 

31.42 

4:08 

31.47 

4:10 

31.53 

4:11 

31.57 

4:12 

31.60 

22.8 

4:13 

31.64 

4:14 

31.695 

4:27 

31.53 

30.37 

22.5 

Cooling  of  calorimeters,  R.,  0.165  C.  in  thirteen  minutes,  L.,  0.42  C.  in  thirty- 
eight  minutes.  Volume  of  right  hand  527  c.c,  of  left  hand  521  c.c.  Rectal  tem- 
perature 38.05  C. 

S.,  a  painter,  aged  40,  height  5  feet,  8H  inches,  was  admitted  to  the  City 
Hospital,  March  31.  He  complained  of  colic,  and  a  blue  line  was  noted  around 
his  gums.  He  had  been  ill  two  or  three  months,  and  although  weak  was  con- 
siderably better.  He  had  no  wrist-drop.  He  was  discharged  improved  April  15. 
The  blood  flow  in  the  hands  was  examined  on  April  3.  Hands  were  in  bath 
at  3:29  p.  m.,  in  calorimeters  at  3:39.    At  3:49  the  left  hand  was  put  in  water 
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at  8  C.  He  felt  it  very  cold.  At  4:01  p.  m.  the  left  hand  was  put  into  water 
at  43  C.  At  4:09  left  hand  dried  and  wrapped.  At  4:14  the  right  hand  was 
taken  out  of  calorimeter.     Pulse  120. 

In  Roderick  D.,  a  blacksmith,  aged  27,  excessively  addicted  to 
cigaret  smoking  from  boyhood,  the  flow  in  the  hands  was  large  (12.77 
grams  for  the  right  and  12.38  grams  for  the  left  hand  per  100  c.c.  per 
minute,  with  the  rather  high  room  temperature  of  26.2  C).  Immersion 
of  the  left  hand  in  cold  water  caused  a  transient  vasoconstriction  of 
the  right,  the  flow  falling  to  7.73  grams  for  the  first  two  minutes  of 
immersion,  to  rise  again  to  11.03  grams  per  100  c.c.  per  minute  for 
the  remaining  nine  minutes,  during  which  the  left  hand  continued  in 
the  cold  water.  Warm  water  caused  only  a  small  preliminary  vasocon- 
striction, the  flow  then  increasing  again  though  not  quite  to  the  high 
initial  value.  Scratching  the  skin  with  a  blunt  point  caused  a  well- 
marked  red  line  which  persisted  for  a  considerable  time.  In  this  case 
everything  points  to  the  existence  of  a  tendency  to  vasodilatation, 
which  is  in  agreement  with  the  observation  that  nicotin  after  a  pre- 
liminary excitation  causes  depression  of  the  sympathetic  nerve  cells. 

Examination  of  flow  in  hands  of  Roderick  D. :  Hands  in  bath  at  2:35j/2  p.  m., 
in  calorimeters  at  2:47^.  At  2:59  the  left  hand  was  put  into  water  at  8  C.  He 
felt  it  very  cold.  At  3:10%  p.  m.  the  left  hand  was  put  into  water  at  43.5  C. 
At  3 :21  right  hand  was  taken  out  of  calorimeter. 

TABLE   30. — Calorimetric   Measurements   in    Case   of   Roderick   D. 


Time 

Bight 

Left 

Boom 

Time 

Right             Left          Room 

2:46V^ 

29.88 

29.84 

3:06 

31.70       i                     1 

2:48 

29.96 

29.91 

3:07 

31.76 

2:49 

30.07 

30.04 

26.2 

3:06 

31.83 

2:50 

30.19 

30.20 

3:09 

31.90 

26.3 

2:51 

30.30 

30.31 

3:10 

31.99 

2:52 

30.435 

30.44 

26.15 

3:11 

32.06 

2:53 

30.565 

30.54 

3:12 

32.11 

2:54 

30.65 

30.61 

3:13 

32.17 

2:55 

30.78 

30.72 

26.2 

3:14 

32.20 

2:56 

30.87 

30.81 

3:15 

32.27 

2:57 

31.01 

30.90 

3:16 

32.33 

2:58 

31.09 

30.98 

26.3 

3:17 

32.39 

2:59 

31.19 

31.065 

3:18 

32.46 

26.4 

3:00 

31.24 

3:19 

32.52 

3:01 

31.30 

3:20 

32.56 

3:02 

31.37 

3:21 

32.63 

26.5 

3:03 

31.46 

3:22 

36!89 

3:04 

31.56 



26.4 

3:34 

32;56 

3:05 

31.63 

i 

Cooling  of  calorimeters,  R.,  0.13  C.  in  thirteen  minutes,  L.,  0.175  C.  in  twenty- 
three  minutes.  Volume  of  right  hand  535  c.c,  of  left  hand  513  c.c.  Water 
equivalent  of  calorimeters  with  contents,  R.,  3,523,  L.,  3,505.  Mouth  temper- 
ature 37.4.     Pulse  84. 

The  last  case  to  be  cited  is  that  of  a  young  man  who  shot  himself 
through  the  brain. 

Andrew  K.,  a  young  foreign  laborer,  was  brought  to  the  City  Hospital  by 
the  police  on  May  16,  at  4:45  p.  m.,  with  a  crescent-shaped  wound  in  the  scalp 
on  the  left  side  not  far  from  the  median  line,  midway  between  the  glabella  and 
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occipital  protuberance.  The  patient  appeared  to  be  in  stupor ;  he  did  not  talk. 
The  right  pupil  was  larger  than  the  left  and  its  outline  was  irregular.  The 
pupils  reacted  to  light.  The  external  rectus  of  the  right  eye  was  paralyzed. 
Blood  was  flowing  from  the  nostrils,  but  no  abrasions  were  visible  in  the 
interior.  The  tongue  protruded  in  the  median  line.  On  the  hard  palate  was  a 
blackish  discoloration  covering  a  bullet  hole.  (It  was  elicited  afterwards  that 
he  had  shot  himself  with  a  revolver.)  There  was  no  paralysis;  the  reflexes 
were  normal.  The  rectal  temperature  was  98.8  F.  The  spinal  fluid  from  the 
lumbar  puncture  was  bright  red,  containing  much  blood.  It  flowed  120  drops 
per  minute.  May  17  the  eye  grounds  were  normal.  The  systolic  blood  pressure 
was  140.  He  voided  urine  involuntarily.  He  did  not  speak,  although  he  was 
perfectly  conscious.  There  was  no  Babinski  sign.  The  temperature  was  99.8  F. 
at  8  a.  m.,  and  the  same  at  noon.  On  May  18  he  voided  urine;  the  systolic 
blood  pressure  was  120.  From  May  19  to  May  21  his  condition  was  the  same. 
On  May  24  the  systolic  pressure  was  126,  on  June  6,  132. 

The  blood  flow  in  the  hands  was  examined  on  May  17  and  again  on  June  6. 
At  the  first  examination  he  sat  quite  well  in  the  chair,  but  was  absolutely  silent. 
Hands  in  bath  at  3:05  p.  m.,  in  calorimeters  at  3:14^,  out  of  calorimeters  at 
3:28.  Pulse  80  (lying  down).  Room  temperature  23.4  C.  He  kept  clutching 
the  stirring  feathers  occasionally. 

TABLE   31. — Calorimetiuc   Measltrements   in   Case  of   Andrew   K. 


Time 

Bight 

Left 

Room 

3:14 

31.17 

31.17 

3:17 

31.22 

31.23 

3:18 

31.28 

31.26 

— 

3:19 

31.33 

31.33 

3:20 

31.39 

31.36 

3:21 

31.45 

31.43 

3:22 

31.55 

31.52 

Time 

Bight 

Left 

Boom 

3:23 

31.61 

31.52 

, 

3:24 

31.64 

31.59 

3:25 

31.70 

31.63 

3:26 

31.77 

31.70 

3:27 

31.81 

31.72 

3:28 

31.87 

31.76 

3:43 

31.69 

31.59 

Cooling  of  calorimeters  in  fifteen  minutes,  R.,  0.18  C,  L.,  0.17  C.  Volume 
of  right  hand  466  c.c,  of  left  463  c.c.  Water  equivalent  of  calorimeters  with 
contents,  R.,  3,468,  L.,  3,465.    Rectal  temperature  37.75  C. 

Second  examination  of  Andrew  K.,  June  6:  So  far  he  has  recovered 
without  symptoms.  The  right  pupil  reacts  to  light  equally  with  the  left  and 
now  there  is  little  difference  in  size.  The  right  external  rectus  is  still  paralyzed. 
He  will  now  talk  freely.  Rectal  tmperature  38.65  C.  Pulse  (sitting)  112.  Pulse 
not  large.     Hands  in  bath  at  1 :44  p.  m. 


TABLE   32. — Calorimetric   Measurements   in    Second   Examination   of 

Andrew   K. 


Time 

Eight 

Left 

Boom 

Time 

Bight 

Left 

Boom 

1:54 

31.68 

31.67 

2:0o 

31.93 

32.07 

23.0 

1:56 

31.66 

31.67 

2:06 

31.965 

32.12 

1:57 

31.68 

31.70 

22.8 

2:07 

31.99 

32.155 

1:58 

31.70 

31.74 

2:06 

32.02 

32.19 

23.1 

1:59 

31.72 

31.77 

22.8 

2:00 

^.05 

32.23 

2:00 

31.74 

31.825 

2:10 

32.08 

32.27 

23.0 

2:01 

31.78 

31.86 

2:11 

32.11 

^.325 

2:02 

31.81 

31.92 

2:19 

32.00 

2:03 

31.865 

31.97 

22.85 

2:19% 



32.205 

2:04 

31.895 

ffi.025 

Cooling  of  calorimeters,  R.,  0.11  C.  in  eight  minutes,  L.,  0.12  C.  in  8}4  min- 
utes. Volume  of  right  hand  in  calorimeter  472  c.c,  of  left  460  c.c.  Water 
equivalent  of  calorimeters  with  contents,  R.,  3,473,  L.,  3,463. 


n                          F-4 
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neuritis.    Hands, 
d  in  water  at  8.1  C. 
d  still  in  cold  water, 
d  in  water  at  43.1  C. 
d  still  in  warm  water. 
:or  swelling  left  hand. 
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The  patient  was  discharged  cured.  He  was  readmitted  July  31 
suffering  from  rheumatism  and  chronic  alcoholism  and  was  discharged 
"improved"  on  August  27. 

At  the  first  examination  of  Andrew  K.,  made  not  much  more  than 
twenty-four  hours  after  he  was  brought  into  the  hospital,  the  blood 
flow  in  the  right  hand  was  10.20  grams  per  100  c.c.  per  minute  and  in 
the  left  8.56  grams,  with  room  temperature  23.5  C.  At  the  second 
examination,  nearly  three  weeks  later,  the  flows  were  6.13  grams  and 
8.28  grams  respectively  for  the  right  and  left  hands,  with  room  tem- 
perature 23  C.  He  had  some  fever  at  the  time  of  the  second  examina- 
tion which  is  perhaps  associated  with  the  somewhat  smaller  flows.^^ 
It  will  be  noted  that  on  both  occasions  a  distinct  difference  existed  in 
the  rate  of  flow  in  the  two  hands.  The  fact  that  there  is  no  constancy 
in  this  difference,  the  greater  flow  being  in  the  right  hand  at  the  first 
examination,  in  the  left  hand  at  the  second,  indicates  that  the  differ- 
ences are  of  vasomotor  origin,  but  it  is  impossible  to  say  whether  they 
are  related  in  any  way  to  the  brain  injury.  Our  observations  on  chronic 
alcoholism,  for  which  in  the  sequel  this  man  was  again  admitted  to  the 
hospital,  would  perhaps  suggest  this  rather  than  the  brain  lesion  as 
the  condition  associated  with  the  vasomotor  instabilit)'.  There  is,  of 
course,  no  obvious  reason  why  a  bullet  wound  through  a  cerebral 
hemisphere  which  occasioned  no  paralysis  should  cause  a  permanent 
difference  of  flow  between  the  hands,  nor  indeed  any  obvious  reason 
why  so  long  as  it  was  not  associated  with  general  symptoms  it  should 
produce  any  effect  whatever  on  the  circulation  in  the  extremities.  As 
a  matter  of  fact,  the  a\erage  hand  flows  at  the  two  examinations  are 
quite  within  the  normal  range. 

SUMMARY 

1.  In  early  unilateral  brachial  neuritis  the  blood  flow  in  the  affected 
hand  was  found  to  be  decidedly  greater  than  in  the  normal  hand. 
This  is  interpreted  as  due  to  partial  paralysis  of  the  vasoconstrictor 
fibers  in  the  nerves  involved  in  the  pathologic  process. 

In  long-standing  unilateral  neuritis  with  decided  atrophy  of  the 
affected  part,  the  blood  flow  is  less  on  the  side  of  the  lesion  than  on  the 
normal  side.  There  is  some  evidence  that  one  factor  in  the  diminution 
of  the  flow  may  be  a  change  in  the  walls  of  the  arteries  consequent  on 
the  injury  to  the  vasomotor  nerves,  which  leads  to  diminution  of  the 
lumen.  This  may  be  considered  an  adaptive  change  correlated  with 
the  diminished  function  of  the  part.  The  diminution  in  the  flow  may 
also  be  due  to  the  regaining  of  vascular  tone  by  the  paralyzed  part,  even 
in  the  absence  of  regeneration  of  its  ner\e  supply. 


11.  Jour.  Exper  Med.,  1913,  xviii,  372. 
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In  peripheral  neuritis  affecting  mainly  muscular  nerves,  the  changes 
in  the  blood  flow  of  the  hands  and  feet  are  not  so  conspicuous,  as 
when  the  cutaneous  nerves  are  also  involved,  since  a  large  portion  of 
the  total  flow  in  these  parts  must  belong  to  the  skin. 

2.  In  hemiplegia  there  is,  in  general,  a  marked  deficiency  in  the 
blood  flow  in  the  paralyzed  members.  Considerable  differences,  how- 
ever, exist  in  different  cases  in  this  regard,  and  also  in  the  extent  to 
which  the  vasomotor  reflexes  from  the  normal  to  the  paralyzed  part 
are  affected.  Whether  these  differences  depend  at  all  on  the  position  of 
the  lesion  or  are  associated  with  the  duration  and  completeness  of  the 
paralysis  has  not  been  determined.  There  is  some  evidence  that  reflex 
vasoconstriction  is  more  easily  produced  in  the  paralyzed  parts  than 
reflex  vasodilatation. 

3.  In  tabes,  the  blood  flow  in  both  hands  and  feet,  but  especially  in 
the  feet,  has  been  found  decidedly  subnormal  and  the  vasomotor 
reflexes  feeble. 

4.  In  lead  poisoning  (without  paralysis),  the  tendency  to  reflex 
vasoconstriction  was  conspicuous.  This  seemed  to  be  the  case  also  in 
alcoholic  neuritis.  In  alcoholic  intoxication  and  in  a  case  of  excessive 
cigaret  smoking,  the  opposite  was  observed,  namely,  a  tendency  to 
marked  reflex  vasodilatation. 

5.  It  is  suggested  that,  in  some  cases,  examination  of  the  blood  flow 
might  aid  in  the  detection  of  malingering,  when  the  attempt  is  made 
to  simulate  certain  neuropathologic  conditions.  It  seems  probable  that 
the  differential  diagnosis,  for  instance,  between  such  conditions  as 
cerebral  hemorrhage  and  alcoholic  intoxication,  or  between  hysterical 
palsy  and  paralysis  due  to  an  organic  lesion,  in  doubtful  cases  might  be 
facilitated  by  blood-flow  measurements. 

I  wish  to  express  my  obligations  to  the  staffs  of  the  City  Hospital  and  of 
Lakeside  Hospital  for  aid  without  which  this  investigation  could  not  have  been 
carried  out. 
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STUDIES  ON  THE  CIRCULATION  IN  MAN 

XIV.  THE  CHANGE  PRODUCED  IN  THE  BLOODFLOW 
(IN  THE  HANDS)  UNDER  THE  INFLUENCE  OF  DIGI- 
TALIS IN  CASES  OF  AURICUL.AR  FIBRILLATION. 

G.  N.  STEWART   and  R.  W.  SCOTT 

From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 
University  and  the  City  Hospital,  Cleveland 

The  marked  beneficial  action  of  digitalis  in  auricular  fibril- 
lation has  been  insisted  upon  by  Mackenzie  (Heart,  ii,  265,  1911), 
Cushny  (Heart,  iv,  33,  1912),  and  other  obser^^ers.  We  have 
thought  it  of  interest  to  determine  whether  any  effect  can  be 
shown  to  take  place  in  the  rate  of  the  bloodflow  through  the 
hands,  and  have  obtained  a  positive  result  in  3  cases,  the  flow 
being  distinctly  increased.  The  flow  in  patients  under  hospital 
regimen  varies  so  little  from  day  to  day  when  the  experimental 
conditions,  especially  the  external  temperature,  are  properly 
controlled,  and  no  ob\ious  cUnical  change  has  occurred,  that  it 
was  not  necessary  to  have  recourse  to  intravenous  injection  of 
strophanthin.  The  administration  of  m20  of  the  tincture  of 
digitahs  every  four  hours  per  os  was  found  sufficient  to  produce 
definite  and  prompt  effects. 

Thus  in  John  Di  C.,^  a  man  aged  38  years,  the  flow  immediately 
after  admission  to  the  hospital,  before  he  had  gone  to  bed,  was 
6.23  gm.  per  100  cc.  of  part  per  minute  for  the  right  hand  and  6.87 
gm.  for  the  left  hand  (average  for  the  two  hands  6.55  gm.)  with  an 
average  room  temperatm-e  of  24.8°C.  Digitalis  was  begun  about 
24  hours  after  the  bloodflow  examination.  Twenty  hours  after 
the  first  dose,  the  flow  was  found  to  be  8.56  gm.  per  100  cc.  of 
part  per  minute  for  the  right  and  8.28  gm.  for  the  left  hand 

^With  one  exception  the  cases  studied  were  from  the  service  of  Dr.  E.  P. 
Carter,  at  the  city  hospital,  to  whom  we  are  indebted  for  many  courtesies. 
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(average  for  the  two  hands  8.42  gm.),  with  average  room  tempera- 
ture 24.0°C.  Twenty-four  hours  later,  when  he  had  received 
in  all  m220  of  the  .tincture,  the  flows  came  out  10.80  gm.  and  10.94 
gm.  for  the  right  and  left  hands  respectively  (average  10.87  gm., 
with  room  temperature  25.0°C.  His  clinical  condition  had 
steadily  improved,  a  distinct  improvement  being  noted  at  the 
first  examination  after  digitalis.  At  a  fourth  examination,  eight 
days  after  admission,  digitalis  treatment  being  continued,'  the 
flows  were  8.32  gm.  and  8.26  gm.  for  the  right  and  left  hands 
respectively  (average  8.29  gm.)  wilth  room  temperature  26°C. 

At  the  fifth  examination,  11  days  after  admission,  the  flows 
were  8.02  gm.  and  8.26  gm.  for  the  rightand  left  hands  respectively 
(average  8.14  gm.)  with  room  temperature  24.1°.  These  flows 
are  still  well  above  the  initial  level  before  digitalis  was  commenced, 
in  spite  of  the  fact  that  he  complained  of  gastric  discomfort. 
This  was  the  last  bloodflow  examination  in  the  case,  and  the 
digitalis  was  discontinued. 

It  may,  of  course,  be  supposed  that  some  part  of  the  im- 
provement in  the  bloodflow  is  associated  with  the  rest  in  bed  and 
that  the  drug  treatment  is  not  necessarilj^  responsible. 

However,  it  is  unlikely  that  the  decided  effect  observed  at  the 
second  and  still  more  at  the  third  examination  could  have  been 
in  any  important  degree  due  to  rest  alone.  For  the  programme 
of  making  a  second  examination  before  digitalis  was  given  had 
to  be  interrupted  by  the  very  circumstance  that  under  rest  alone 
the  patient  became  so  bad  that  digitalis  had  to  be  begun,  30 
hours  after  his  admission  and  before  the  control  examination 
could  be  duplicated. 

In  the  next  case  (Andrew  S.)  this  objection  was  taken  account 
of  by  keeping  the  patient  under  observation  for  two  days  in  the 
hospital,  making  a  bloodflow  measurement  on  each  day,  and  then 
beginning  the  administration  of  digitalis. 

Andrew  S.,  a  man  aged  65  years,  had  on  the  day  of  admission 
a  flow  of  6.79  gm.  per  100  cc.  of  part  per  minute  in  the  right 
hand  and  the  same  in  the  left  hand,  with  room  temperature 
23.7°C.  On  the  next  day  the  flows  were  6.96  gm.  for  the  right 
and  6.70  gm.  for  the  left  hand  (average  6.83  gm.)  with  room 
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temperature  24.2°C.,  that  is  to  say,  exactly  the  same  as  on  the 
day  of  admission.  Clinically  there  was  little  if  any  change  in 
his  condition.  Rest  alone  had  not  caused  any  change  in  the  flow. 
It  is  proper  to  point  out  that  such  an  exact  correspondence  on 
two  successive  days  is  merely  accidental.  But  it  can  be  safely 
concluded  that  any  effect  produced  by  rest  was  in  this  patient 
slight  during  these  first  48  hours.  Digitalis  treatment  was  begun 
immediately  after  the  second  examination.  On  the  following 
day  (May  7),  after  he  had  received  ml20  of  the  tincture,  the 
flow  in  the  right  hand  was  8.79  gm.,  and  in  the  left  8.46  gm. 
(average  8.62  gm.)  with  average  room  temperature  24.7°C. 
On  May  8,  the  flows  were  7.53  gm.  and  7.60  gm.  for  the  right  and 
left  hands  respectively  (average  7.57  gm.)  with  room  tempera- 
ture 24.2°C.  On  May  10,  when  he  had  received  altogether  one 
ounce  of  the  tincture,  the  flow  in  the  right  hand  came  out 
10.17  gm.  and  in  the  left  9.87  gm.  (average  10.02  gm.)  with 
room  temperature  24.9°C.  His  clinical  condition  was  much 
improved. 

On  May  12,  the  flow  in  the  right  hand  was  8.97  gm.  and  in  the 
left  8.33  (average  8.65  gm.)  with  room  temperature  26.2°C. 
The  patient  felt  well  except,  as  he  said,  that  the  medicine  (digi- 
talis) "made  his  heart  beat  too  strong."  This  was  the  last 
examination  of  the  case  and  digitalis  was  discontinued  on  this 
day. 

In  a  third  case  (E.  P.  W.),^  a  prompt  reaction  to  digitalis 
was  also  observed,  but  the  patient  developed  pneumonia  and 
only  three  examinations  were  possible.  Three  days  after  ad- 
mission to  the  hospital  and  before  digitalis  had  been  administered, 
the  bloodflow  in  the  right  hand  was  6.9  gm.  per  100  cc.  per 
minute,  and  in  the  left  7.4  gm.  (average  7.14  gm.)  with  room 
temperature  20.0°C.  Digitalis  was  then  begun  and  on  the  next 
day  the  flows  came  out  11.05  gm.  for  the  right  hand  and  10.95 
gm.  for  the  left  (average  11.0  gm.)  with  room  temperature  19.8°C. 
It  was  observed  that  in  E.  P.  W.  the  effect  of  the  digitalis  was 
very  promptly  manifested,  the  pulse  rate  declining  very  soon  and 

*  This  case  was  examined  by  one  of  us  at  the  National  Hospital  for  Diseases  of 
the  Heart,  London,  through  the  courtesy  of  Dr.  Russell  Wells. 
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diuresis  becoming  marked  before  the  bloodflow  measurement  was 
made.  Four  days  later,  digitalis  being  continued,  the  flow  in  the 
right  hand  was  10.66  gm.  and  in  the  left  11.43  gm.  per  100  cc. 
per  minute  (average  11.03  gm.)  for  the  first  7  minutes  in  the 
calorimeters,  with  room  temperature  17.5°C.  Towards  the  end 
of  the  examination  he  began  to  feel  chilly,  the  heating  plant 
being  out  of  order,  and  the  bloodflow  in  the  hands  promptly 
diminished  to  7.56  gm.  per  100  cc.  per  minute  for  the  right  hand 
and  7.65  for  the  left  (average  7.61  gm.)  for  the  last  5  minutes  in 
the  calorimeters. 

Putting  the  observations  on  these  three  cases  together,  the 
conclusion  seems  warranted  that  in  auricular  fibrillation  when  the 
heart  responds  in  the  typical  way  to  digitalis  the  rate  of  the 
bloodflow  in  the  peripheral  vessels  is  increased.  As  has  been 
pointed  out  elsewhere  (Archives  of  Int.  Med.,  1914,  xiii,  1), 
an  increased  hand  or  foot  flow,  where  no  evidence  of  a  purely 
local  vasodilatation  is  present,  must  in  general  be  interpreted  as 
indicating  an  increased  heart  output. 

It  scarcely  needs  to  be  pointed  out  that  if  digitalis  produces 
this  effect,  the  hand  flow  need  not  be  expected  to  go  on  increasing 
as  long  as  the  digitahs  treatment  is  continued.  On  the  con- 
trary, and  our  observations  lend  support  to  this  conclusion,  it  is 
to  be  assumed  that  a  maximum  effect  will  be  reached  which  will 
be  greater  or  less,  and  more  Or  less  promptly  attained  in  different 
cases.  Also  it  may  be  assumed,  that  the  continuance  of  digitalis 
beyond  a  certain  point  may  diminish  the  flow  instead  of  increasing 
it.  Discontinuance  of  the  digitalis  will  then  be  followed  by  an 
increased  flow. 

It  is  known  also  that  in  some  cases  in  which  auricular  fibril- 
lation is  present,  there  is  either  no  response  to  digitalis  so  far  as 
the  heart's  action  is  concerned,  or  the  response  is  much  less  strik- 
ing than  in  the  majority  of  cases.  Our  fourth  case  (C.  R.), 
a  syphilitic,  seems  to  belong  to  this  group.  He  had  been  treated 
with  digitalis  for  a  considerable  time  before  the  bloodflow  ob- 
servations were  begun.  The  digitalis  treatment  had  been  com- 
bined with  anti-syphilitic  medication  (mercury  and  salvarsan) 
and  the  latter  was  continued  after  digitalis  was  stopped.     It  was 
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not  considered  that  he  had  responded  well  to  digitalis.  In 
any  case  after  it  was  stopped  his  pulse  did  not  become  more 
irregular  or  more  frequent,  and  he  felt  better  at  each  exami- 
nation. Although  it  is  not  desired  to  lay  stress  on  this,  it  is  of 
interest  that  there  was  no  diminution  in  the  hand  flow  after 
discontinuance  of  the  digitalis  treatment,  but  on  the  contrary 
a  progressive,  although  moderate,  increase.  Thus  at  the  first 
examination  (May  19),  after  about  5  weeks' treatment,  during 
which  time  the  digitaUs  had  been  once  discontinued  for  an  inter- 
val of  a  few  days,  the  flow  in  the  right  hand  was  5.39  gm.  per 
100  cc.  per  minute,  and  in  the  left  4.56  gm.  (average  4.98  gm.) 
with  room  temperature  24.5°C.  Two  days  later  digitaUs  was 
discontinued  and  on  May  24  the  flows  were  6.59  gm.  and  6.08 
gm.  for  the  right  and  left  hands  respectively  (average  6.33  gm.) 
with  room  temperature  24.3°C.  On  May  27  the  right  hand  had  a 
flow  of  7.12  gm.  per  100  cc.  per  minute  and  the  left  hand  a  flow 
of  5.84  gm.  (average  6.48  gm.)  with  room  temperature  24.6°C. 
On  June  1 ,  when  he  was  feeling  so  well  that  he  washed  to  go  home, 
the  flows  came  out  7.78  gm.  and  7.05  gm.  for  the  right  and  left 
hands  respectively  (average  7.41  gm.)  with  room  temperature 
25.9°C.  Of  course  the  somewhat  higher  room  temperature  on 
this  occasion  might  have  been  partly  responsible  for  the  increased 
flow,  but  it  is  unhkely  that  this  was  an  important  factor  since 
the  pulse  rate  was  not  increased. 

The  man  left  the  hospital  on  June  3,  and  returned  on  June  8 
feeling  worse,  with  an  increased  pulse  rate,  dj^spnoea  on  exer- 
tion, cough,  and  vomiting.  The  bloodflow  in  the  hands  three 
hours  after  his  readmission  was  6.68  gm.  and  7.27  gm.  for  the 
right  and  left  hands  respectively  (average  6.97  gm.),  with,  room 
temperature  25.3°C.  DigitaUs  was  begun  on  the  night  of  Jime 
9  to  10,  and  the  bloodflow  again  examined  on  June  11.  He  was 
feeUng  somewhat  better,  but  he  still  had  a  good  deal  of  cough, 
some  dyspnoea,  and  his  pulse,  although  the  rate  was  somewhat 
diminished  both  at  the  apex  and  the  wrist,  was  not  markedly 
improved.  The  flow  came  out  for  the  right  hand  6.82  gm.  and 
for  the  left  7.26  gm.  (average  7.04  gm.)  with  room  temperature 
25.5°C.,  practically  the  same  as  at  the  last  examination. 
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On  June  12,  digitalis  having  been  continued  in  the  meantime, 
a  careful  examination  revealed  no  material  improvement  in  the 
pulse,  although  the  patient  felt  somewhat  better. 

On  June  15,  after  he  had  received  in  all  one  ounce,  three  drachms 
of  a  tincture  known  to  be  active  in  other  cases,  the  average  hand 
flow  was  only  4.45  gm.  per  100  cc.  per  minute  with  room  tempera- 
ture 25.0°C.,  i.e.,  about  the  same  as  at  the  end  of  the  previous 
course  of  digitaUs.  The  weather  was  rather  cool  and  the  room 
had.  to  be  heated  artificially  to  some  extent  to  obtain  a  room 
temperature  comparable  to  that  in  the  other  observations.  His 
hands  felt  distinctly  cool.  The  pulse  frequency  at  the  wrist  was 
only  about  haK  of  the  apex  rate,  showing  that  a  very  large  pro- 
portion of  the  ventricular  beats  were  too  feeble  to  be  detected 
in  the  radial.  The  radial  pulse  did  not  show  the  decided  in- 
crease in  volume,  especially  of  the  stronger  beats  under  digitalis 
in  the  other  three  cases.  No  attempt  has  been  made  in  these 
observations  to  separate  a  possible  vasoconstrictor  action  of  the 
drug  on  the  bloodflow  in  the  extremities  from  the  effect  of  an 
increased  heart  output.  If  both  effects  are  present  in  the  three 
cases  which  exhibited  a  distinctly  increased  hand  flow,  it  is  to  be 
assumed  that  the  action  on  the  heart  more  than  offset  vaso- 
constrictor action.  It  is  conceivable  that  in  different  cases 
the  relative  magnitude  of  the  two  effects  may  be  different. 
If  both  effects,  for  instance,  were  produced  in  C.  R.  vaso-con- 
striction  in  the  hands  must  have  more  than  offset  any  increase 
in  the  output. 

SUMMARY 

In  three  cases  with  auricular  fibrillation,  the  bloodflow  in 
the  hands  was  promptly  and  decidedly  increased  after  the  ad- 
ministration of  digitalis.  In  a  fourth  case,  which  had  not  been 
considered  to  respond  well  to  digitalis,  the  hand  flow  was  some- 
what increased  when  the  drug  was  stopped  after  a  rather  long 
course  of  it.  Digitalis  having  been  again  begun,  the  hand  flow 
at  the  end  of  a  week  was  again  found  to  be  diminished. 
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EXTRACTS    FROM   CASE   HISTORIES 


John  Di  C,  an  Italian  laborer,  aged  38  years,  height  5  feet,  2§ 
inches,  weight  131  pounds,  admitted  to  the  City  Hospital  May  24, 
1915.  Diagnosis:  rheumatic  myocarditis  (and  endocarditis)  with 
auricular  fibrillation.  He  had  rheumatism  at  12  years  of  age  and  two 
or  three  times  since.  He  was  in  hospital  nine  years  ago  with  heart 
trouble.  He  has  had  dizziness  occasionally  for  the  past  two  years, 
lasting  only  a  minute  or  two  at  a  time.  His  present  illness  began  on 
Easter  Sunday  with  pain  in  the  chest.  The  feet  were  swollen  for  the 
following  three  or  foUr  days.  He  has  not  worked  for  the  past  six  months 
on  account  of  his  illness.  He  cannot -sleep  because  of  pain  and  pal- 
pitation about  the  heart. 

Heart.  Left  border  of  cardiac  dullness  at  the  anterior  axillary  line. 
Xo  enlargement  upward  or  to  the  right.  Auscultation  reveals  a  gross 
irregularity  in  the  heart's  action,  some  contractions  being  very  weak 
with  the  sounds  scarceh'  audible,  others  very  forcible  with  loud  and 
distinct  sounds.  Apex  rat«  135.  Radial  pulse  unequal  and  irregular, 
with  no  predictable  sequence.     Blood  pressure,  average  systohc  105. 

The  bloodflow  in  the  hands  was  examined  on  May  24  immecUately 
txiter  his  admission  and  before  he  had  gone  to  bed.  He  had  been 
resting  in  bed  at  home  for  a  good  many  days  before  coming  to  the 
hospital. 

May  25,  Apex  pulse  rat«  130,  radial  rate  110.  Blood,  leucocj-les 
15,000,  haemoglobin  80  per  cent,  WasseiTuann  test  negative.  Average 
systohc  blood  pressure  132.  He  got  so  bad  on  ^lay  25  that  it  was 
necessary  to  start  the  administration  of  digitaUs  (mxx  every  four  hours) 
at  11  p.m. 

Urine:  Trace  of  albumui  with  a  few  hyalin  and  granular  casts. 

The  bloodflow  was  again  examined  on  May  26.  He  said  he  felt 
better.     Pulse  120  at  the  wTist. 

May  27.  Another  bloodflow  examination  was  made.  He  feels 
stronger  today  than  at  any  time  since  he  entered  the  hospital. 

May  29.     Apex  rate  87,  radial  rate  85. 

June  1.  Pulse  at  wi'ist  60  and  fairly  regular.  He  feels  fairly  well. 
A  bloodflow  examination  was  made  on  this  day. 

June  4.  The  bloodflow  was  again  examined  today.  He  said  he 
was  feeling  bad.  He  had  just  eaten  his  dinner,  which  he  enjoyed,  but 
he  said  "his  stomach  did  not  like  it."  Pulse  at  wrist  70.  Figure  1  is 
an  electrocardiogram  from  John  Di  C. 
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Andrew  S.,  a  Hungarian  laborer,  aged  65  years,  admitted  to  the 
City  Hospital  on  May  5,  1915.  Diagnosis:  chronic  myocarditis  with 
auricular  fibrillation  and  arteriosclerosis.  There  is  dyspnoea,  and 
oedema  of  the  legs  below  the  knee.  No  cyanosis.  Thorax  emphysema- 
tous.    Crepitant  rales  throughout,  especially  at  the  bases. 

Heart:  upper  border  of  dulness  third  rib;  left  border  one  and  one- 
half  fingers'  breadth  outside  the  nipple  line;  right  border  inside  the 
right  sternal  margin.  Heart  sounds  faint.  Systolic  murmur  at  the 
apex.  Radial  pulse  grossly  irregular  in  rhythm  and  amplitude.  Pulse 
rate  at  apex  150,  radial  120. 

The  bloodflow  was  examined  on  day  of  admission*.  He  is  left-handed 
in  his  work,  but  in  eating  uses  knife  in  the  right  hand.  On  May  6 
another  bloodflow  examination  was  made.     He  has  not  had  any  drug 


Fig.  I.  Case  1.  Lead  2.  Note  the  absence  of  the  P  summits  and  the 
marked  irregularity  of  the  ventricular  deflection  R. 

treatment  since  admission.  He  still  complains  of  dyspnoea.  Blood, 
leucocytes  8200,  haemoglobin  79  per  cent.  The  highest  radial  pulse 
rate  (120)  was  noted  at  8  p.m.  on  this  day.  Digitalis  (mxx  of  the  tinc- 
ture every  4  hours  night  and  day)  was  begun  at  4  p.m.,  on  May  6,  and 
continued  till  the  evening  of  May  12.  He  had  been  in  the  hospital 
on  a  previous  occasion  and  had  then  responded  well  to  digitalis.  Blood- 
flow examinations  were  made  on  May  7,  8,  10  and  12.  On  May  7  he 
said  he  felt  better,  though  there  was  still  some  dyspnoea,  and  sweUing  of 
feet.  He  said  he  knew  the  "medicine"  helped  him.  On  May  8  his 
condition  was  much  the  same  as  on  May  7.  On  May  10  further  im- 
provement was  noted.     Average  systolic  blood  pressure  110. 

On  May  12  he  said  the  medicine  (digitahs)  made  his  heart  beat  too 
strong.  Otherwise  he  felt  well.  Still  some  swelling  of  the  feet.  The 
maximum  radial  pulse  recorded  on  May  10-12  was  98. 
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E.  P.  W.,  a  commercial  traveller,  aged  45  years,  admitted  to  the 
hospital  Februaiy  16,  1914.  His  illness  began  in  October,  1909.  Since 
then  he  has  had  gradiialh'  increasing  symptoms — dyspnoea,  palpitation, 
pain,  cough  and  oedema — and  he  has  been  only  able  to  work  iutermit- 
t^ntlJ^  His  present  breakdown  dates  from  Christmas,  1913,  since 
when  his  condition  has  rapidly  giown  worse. 

Condition  on  admission.  Dyspnoea,  ascites,  oedema  marked  in  the 
lower  extremities.  Radial  pulse  120-100,  rhj-thm  quite  muscular. 
Arterial  wall  palpal^le.  Jugular  vein  engorged.  Lunits  of  carcUac 
dulness,  right  5  cm.  from  the  midsternal  line,  left  15  cm.  from  midsternal 
line  in  fifth  interspace.  The  electrocardiogram  shows  the  characters 
of  auricular  fibrillation.  There  is  some  impairment  of  resonance  at 
the  bases  of  both  lungs  and  many  crepitations  and  rales.  Liver  en- 
larged, three  inches  below  costal  margin.  The  left  arm  has  been  weaker 
than  the  right  and  stiff  since  he  was  vaccinated  in  childhood.  The  first 
examination  of  the  bloodflow  in  the  hands  was  made  on  Februarj-  19. 
Digitalis  was  begun  on  the  morning  of  February'  20.  He  had  been  on 
digitalis  some  time  before  his  admission  to  the  hospital,  and  the  effect 
of  the  present  course  was  ver>'  promptly  manifested,  the  pulse  rate 
declining  very  soon  and  diuresis  becoming  marked  before  the  second 
bloodflow  examination  was  made  on  the  afternoon  of  February'  20. 
The  digitalis  was  continued  and  a  third  bloodflow  examination  made 
on  February  24. 

C.  R.,  a  man  aged  30  years,  height  5  feet  10^  inches,  weight  157 
pounds,  admitted  to  City  Hospital  April  15,  1915.  He  has  worked  as 
a  collector  and  also  at  night  as  instructor  in  a  gjTnnasium.  He  has 
had  to  give  up  his  work  on  account  of  heart,  trouble.  He  had  gonorrhea 
twice,  10  or  12  years  ago,  and  chancre  6  or  7  years  ago,  when  he  under- 
we^it  only  local  treatment  for  the  sore.  He  has  headache  when  he  exer- 
cises too  much,  and  dizziness  at  times,  also  dyspnoea  and  blurring  of 
the  sight.  There  is  a  slight  oedema  of  the  lower  extremities  below  the 
knees.  Blood,  leucoc\i^^es  17,000;  haemoglobin  85,  Wassermann 
strongly  positive. 

Heart:  left  border  5  cm.  outside  mid-clavicular  line;  right  border  2  cm. 
to  right  of  right  sternal  margin.  Upper  border  at  third  rib.  A  faint 
l)lowing  systolic  murmur  is  heard  over  the  apex;  otherwise  the  sounds 
are  clear.  The  heart  rate  is  grossly  irregular  and  the  sounds  vaiy  in 
intensity. 

Diagnosis,  sj-philitic  myocarditis  with  auricular  fibrillation.  He  was 
put  on  digitalis  and  also  on  mercury-  (biniodide),  and  increasing  doses  of 
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potassium  iodide.  Apex  rate  160,  radial  rate  110.  Average  systolic 
pressure  105.  On  May  2,  the  radial  rate  was  60,  the  apex  rate  107. 
On  June  1,  the  apex  rate  was  80  and  the  radial  72.  Figure  2  is  a  poly- 
graph tracing  from  C.  R. 

The  bloodflow  in  the  hands  was  measured  on  May  19.  On  May  21 
digitalis  was  stopped,  but  the  mercurial  treatment  was  continued. 
On  May  24  a  second  bloodflow  examination  was  made.  The  patient 
said  he  felt  better  than  at  the  last  examination.  A  third  examination 
was  made  on  May  27.     He  was  feeling  very  well  and  had  been  out  in  the 


y\^ 


Fig.  II.  Tracing  taken  with  Mackenzie  polygraph  from  C.  R.  Upper  curve 
from  jugular,  lower  from  radial  artery.     Time  trace,  fifths  of  a  second. 

yard.  The  maximum  pulse  rate  at  the  wrist  since  digitalis  was  dis- 
continued has  been  84.  Today  it  was  68.  A  fourth  bloodflow  exami- 
nation was  made  on  June  1.  The  pulse  rate  at  the  wrist  is  72,  at  the 
apex  80.  Since  May  28  the  pulse  rate  has  varied  from  84  to  60.  He 
feels  so  well  that  he  wants  to  go  home.  He  went  home  on  June  3,  but 
returned  to  the  hospital  on  June  8  complaining  of  dyspnoea  and  weak- 
ness, and  that  his  stomach  was  upset.  Apex  rate  150,  radial  115  on 
admission  at  11  a.m.  The  bloodflow  was  examined  on  June  8,  June  11 
and  June  15. 

PROTOCOLS  OF  BLOODFLOW  MEASUREMENTS 

First  examination  of  John  Di  C,  May  24.  Hands  in  bath  at  5.03 
p.m.,  in  calorimeters  at  5.17,  out  of  calorimeters  at  5.38.  He  was  per- 
spiring while  his  hands  were  in  the  calorimeters. 
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TIME 

R 

L 

ROOM 

TIME 

R 

L 

BOOM 

5.16 

32.11 

32.07 

5.29 

32.14 

32.180 

5.18 

32.09 

32.07 

5.30 

32.15 

32.190 

24.6 

5.19 

32.09 

32.07 

5.31 

32.15 

32.195 

5.20 

32.09 

32.08 

25.5 

5.32 

32.16 

32.200 

24.8 

5.21 

32.10 

32.08 

5.33 

32.18 

32.220 

5.22 

32.10 

32.08 

25.2 

5.34 

32.20 

32.230 

24.8 

5.24 

32.11 

32.10 

25.1 

'   5.35 

32.22 

32.250 

24.6 

5.25 

32.11  . 

32.11 

24.7 

5.36 

32.23 

32.280 

5.26 

32.11 

32.12 

5.37 

32.25 

32.300 

24.7 

5.27 

32.12 

32.14 

24.9 

5.38 

32.30 

32.330 

5.28 

32.14 

32.16 

24.8 

5.53 

32.16 

32.180 

Cooling  of  calorimetei'S  in  15  minutes,  R  0.14°,  L  0.15°C.  Volume 
of  right  hand  344  cc,  of  left  332  cc.  He  is  right  handed.  Water 
equivalent  of  calorimeters  with  contents,  R  3370,  L  3360.  Rectal 
t«mperatm-e   37.20°C. 

Second  examination  of  John  Di  C,  May  26.  Pulse  120  at  wrist. 
Hands  in  bath  at  3.31  p.m.,  in  calorimeters  at  3.43^,  out  of  calorimeters 
at  3.58. 


TIME 

R 

L 

ROOM 

TIME 

R 

L 

ROOM 

3.43 

31.36 

31.32 

3.52 

31.600 

31.560 

3.44 

31.36 

31.33 

3.53 

31.630 

31.585 

24.0 

3.45 

31.39 

31.36 

23.4 

3.54 

31.660 

31.620 

24.1 

3.46 

31.42 

31.39 

3.55 

31.700 

31.660 

3.47 

31.44 

31.41 

3.56 

31.730 

31.680 

24.1 

3.48 

31.46 

31.43 

3.57 

31.755 

31.700 

3.49 

31.49 

31.46 

23.9 

3.58 

31.790 

31.740 

24.0 

3.50 

31.53 

31.49 

4.18 

31.520 

31.470 

3.51 

31.57 

31.52 

23.9 

Coohng  of  calorimeters  in  20  minutes  0.27°C.  Volume  of  right 
hand  345  cc,  of  left  342  cc.  Water  equivalent  of  calorimeters  with 
contents,  R  3371,  L  3368.     Rectal  temperature  37.67°C. 

Third  examination  of  John  Di  C,  ^lay  27.  Pulse  at  wrist  92, 
another  count  94,  at  apex  120.  Hands  in  bath  at  3.35  p.m.,  in  calo- 
rimeters at  3.451,  out  of  calorimeters  at  4.00. 
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TIME 

R 

L 

ROOM 

TIME 

R 

L 

ROOM 

3.45 

31.880 

31.96 

3.54 

32.075 

32.13 

25.1 

3.46 

31.870 

31.94 

3.55 

32.110 

32.17 

3.47 

31.880 

31.95 

24.8 

3.56 

32.140 

32.20 

3.48 

31.895 

31.97 

3.57 

32.180 

32.23 

25.1 

3.49 

31.920 

31.98 

3.58 

32.220 

32.27 

3.50 

31.945 

32.00 

25.0 

3.59 

32.250 

32.30 

3.51 

31.970 

32.03 

4.00 

32.290 

32.34 

3.52 

32.010 

32.07 

25.0 

4.06 

32.220 

32.27 

3.53 

32.045 

32.09 

Cooling  of  calorimeters  in  6  minutes  0.07°C.  Volume  of  right  hand 
352  cc,  of  left  342  cc.  Rectal  temperature  37.20°C.  Water  equivalent 
of  calorimeters  with  contents,  R  3376,  L  3368. 

Fourth  examination  of  John  Di  C,  June  1.  The  day  was  rather 
warm.  Pulse  at  wrist  60,  fairly  regular.  Hands  in  bath  at  1.58|  p.m., 
in  calorimeters  at  2.07|,  out  of  calorimeters  at  2.28. 


TIME 

R 

L 

ROOM 

TIME 

R 

L 

ROOM 

2.07 

31.540 

31.60 

2.19 

31.800 

31.850 

26.0 

2.08 

31.530 

31.60 

2.20 

31.830 

31.875 

2.09 

31.555 

31.62 

26.1 

2.21 

31.860 

31.890 

2.10 

31.580 

31.65 

2.22 

31.880 

31.910 

26.1 

2.11 

31.610 

31.68 

2.23 

31.910 

31.940 

2.12 

31.640 

31.70 

26.1 

2.24 

31.940 

31.970 

26.1 

2.13 

31.670 

31.72 

2.25 

31.970 

32.000 

2.14 

31.690 

31.74 

2.26 

31.995 

32.020 

2.15 

31.700 

31.76 

26.1 

2.27 

32.015 

32.050 

26.1 

2.17 

31.740 

31.79 

26.0 

2.28 

32.050 

32.080 

2.18 

31 .775 

31.82 

2.36 

31.960 

31.990 

Cooling  of  calorimeters  in  8  minutes  0.09°C.  Volume  of  right  hand 
351  cc,  of  left  342  cc.  Water  equivalent  of  calorimeters  with  contents, 
R  3376,  L  3368.  Pulse  (at  apex,  with  stethoscope)  60.  Rectal  tempera- 
ture 37.35°C. 

Fifth  examination  of  John  Di  C,  June  4.  The  day  was  rather  cool. 
Pulse  at  wrist  70.  Hands  in  bath  at  12.27,  in  calorimeters  at  12.36^, 
out  of  calorimeters  at  12.55. 
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TIJfE 

R 

L 

BOOM 

TIUE 

R 

L 

ROOM 

12.36 

32.030 

32.080 

12.47 

32.20 

32.285 

12.38 

32.020 

32.090 

24.1 

12.48 

32.22 

32.300 

12.39 

32.040 

32.110 

12.49 

32.24 

32.320 

24.10 

12.40 

32.060 

32.130 

24.2 

12.50 

32.25 

32.340 

12.41 

32.080 

32.160 

12.51 

32.27 

32.360 

12.42 

32.100 

32.180 

24.1 

12.52 

32.29 

32.375 

12.43 

32.130 

32.200 

12.53 

32.31 

32.390 

24.00 

12.44 

32.145 

32.230 

12.54 

32.33 

32.410 

12.45 

32.160 

32.260 

24.2 

12.55 

32.35 

32.430 

24.05 

12.46 

32.190 

32.275 

1.04 

32.23 

32.310 

Cooling  of  calorimeters  in  9  minutes  0.12°C.  Volmne  of  right  hand 
352  cc,  of  left  354  cc.  Water  equivalent  of  calorimeters  \vith  contents, 
R  3377,  L  3379.     Rectal  temperature  37.02°C. 

First  examination  of  Andrew  S.,  ^lay  5.  Hands  in  bath  at  2.28  p.m., 
in  calorimeters  at  2.39^,  out  of  calorimeters  at  2.55. 


TIME 

R 

L 

ROOM 

TIME 

K 

L 

ROOM 

2.39 

32.090 

32.120 

2.48 

32.14 

32.20 

24.0 

2.40 

32.060 

32.090 

2.49 

32.17 

32.22 

2.41 

32.060 

32.090 

2.50 

32.20 

32.24 

23.5 

2.42 

32.065 

32.095 

23.5 

2.51 

32.24 

32.28 

2.43 

32.070 

32.100 

23.2 

2.52 

32.26 

32.31 

23.6 

2.44 

32.065 

32.110 

23.1 

2.53 

32.29 

32.33 

2.45 

32.070 

32.120 

23.3 

2.54 

32.32 

32.37 

23.6 

2.46 

32.090 

32.140 

2.55 

32.35 

32.39 

2.47 

32.110 

32.170 

23.8 

3.45 

31.77 

31.77 

Cooling  of  calorimeters  in  50  minutes,  R  0.58°,  L  0.62°C.  Volume 
of  right  hand  461  cc,  of  left  hand  465  cc.  Water  equivalent  of  cal- 
orimeters with  contents,  R  3464,  L  3467.     Rectal  temperatm-e  37.60°C. 

Second  examination  of  Andrew  S.,  May  6.  Hands  in  bath  at  2.35 
p.m.,  in  calorimeters  at  2.47,  out  of  calorimeters  at  3.05. 
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TIME 

n 

•1    . 

KOOM 

TIME 

R 

L 

ROOM 

2.46 

31.710 

31.. 71 

2.57 

31.90 

31.93 

2.48 

31.710 

31.71 

2.58 

31.94 

31 .970 

2.49 

31.720 

31.73 

24.3 

2.59 

31.97 

32.000 

24.3 

2.50 

31.730 

31.75 

^^.3 

3.00 

32.01 

32.400 

2.51 

31.740 

31.77 

24.2 

3.01 

32.05 

32.060 

24.1 

2.52 

31.750 

31.79 

3.02 

32.07 

32.080 

2.53 

31.770 

31.81 

24.2 

3  .'c>i'>3 

32.09 

32.100 

24.1 

2.54 

31.790 

31.83 

3.04 

"31.12 

32.135 

2.55 

31.830 

31.87 

24.3 

3.05 

32.-  14 

32.160 

2.56 

31.865 

31.90 

3.28 

31.90- 

31.880 

Cooling  of  calorimeters  in  23  minutes,  R  0.24°,  L  0.28°Le«l.  Volume 
of  right  hand  456  cc,  of  left  hand  477  cc.  Water  equivalen.  t  of  calo- 
rimeters with  contents,  R  3460,  L  3477.     Rectal  temperature  b,  i7.59°G. 

Third  examination  of  Andrew  S.,  May  7.  Hands  in  bath  aXxfc  3.40 
p.m.,  in  calorimeters  at  3.50,  out  of  calorimeters  at  4.08.  Pull  se  at 
wrist  96. 


TIME 

R 

I. 

ROOM 

TIMK 

R 

I, 

ROOM  "~ 

3.49 

31.85 

31.78 

4.00 

32.15 

32.095 

3.51 

31.85 

31.78 

24.7 

4.01 

32.18 

32.120 

24.5 

3.52 

31.87 

31.80 

4.02 

32.23 

32.180 

3.53 

31.87 

31.82 

4.03 

32.26 

32.210 

24.4 

3.54 

31.89 

31.85 

24.8 

4.04 

32.29 

32.250 

3.55 

31.93 

31.89 

4.05 

32.34 

32.290 

24.5 

3.56 

31.98 

31.93 

4.06 

32.37 

32.320 

3.57 

32.01 

31.98 

24.9 

4.07 

32.42 

32.360 

3.58 

32.07 

32.01 

4.08 

32.46 

32.400 

3.59 

32.10 

32.05 

24.9 

4.17 

32.36 

32.29 

Cooling  of  calorimeters  in  9  minutes,  R  0.10°C.,  L  0.11°C.  Volume 
of  right  hand  467  cc,  of  left  hand  480  cc.  Water  equivalent  of  calo- 
rimeters with  contents,  R  3469,  L  3479.     Rectal  temperature  37.50°C. 

Fourth  examination  of  Andrew  S.,  May  8.  Weather  colder  than  at 
last  examination.  Hands  in  bath  at  11.20  a.m.,  in  calorimeters  at 
11.30,  out  of  calorimeters  at  11.50. 
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moB 

R 

L 

ROOM 

TIME 

B 

L 

ROOM 

11.29§ 

31.780 

31.790 

11.41 

32.02 

32.05 

11.31 

31.790 

31.795 

11.42 

32.05 

32.08 

24.1 

11.32 

31.795 

31.805 

24.1 

11.43 

32.08 

32.11 

11.33 

31.800 

31.820 

11.44 

32.12 

32.15 

11.34 

31.810 

31.850 

24.0 

11.45 

32.15 

32.19 

24.1 

11.35 

31.840 

31.880 

24.0 

11.46 

32.18 

32.21 

11.36 

31.870 

31.900 

11.47 

32.22 

32.26 

11.37 

31.900 

31.930 

11.48 

32.26 

32.29 

24.1 

11.38 

31.930 

31.960 

24.3 

11.49 

32.29 

32.32 

11.39 

31.960 

31.990 

11.50 

32.32 

32.35 

24.1 

11.40 

31.990 

32.020 

24.3 

12  02 

32.17 

32.10 

Cooling  of  calorimeters  in  12  minutes  0.15°C.  Volmne  of  right  hand 
471  cc,  of  left  463  cc.  Water  equivalent  of  calorimeters  with  contents, 
R  3472,  L  3465.     Pulse  at  apex  98.     Rectal  temperature  37.36°C. 

Fifth  examination  of  Andrew  S.,  May  10.  Hands  in  bath  at  2.29 
p.m.,  in  calorimeters  at  2.39|,  out  of  calorimeters  2.55. 


TIUE 

R 

L 

ROOM 

TIME 

R 

L 

ROOM 

2.39 

31.970 

32.00 

2.49 

32.42 

32.44' 

2.41 

32.020 

32.05 

2.50 

32.47 

32.49 

2.42 

32.060 

32.09 

2.51 

32.515 

32.53 

25.0 

2.43 

32.100 

32.14 

24.9 

2.52 

32.56 

32.58 

25.2 

2.44 

32.160 

32.19 

2.53 

32.60 

32.62 

2.45 

32.200 

32.23 

24.8 

2.54 

32.65 

32.67 

25.1 

2.46 

32.265 

32.29 

2.55 

32.70 

32.70 

2.47 

32.310 

32.33 

24.7 

3.17 

32.46 

32.46 

2.48 

32.370 

32.39 

24.9 

CooUng  of  calorimeters  in  22  minutes  0.24°C.  Volume  of  right 
hand  462  cc,  of  left  462  cc.  Water  equivalent  of  calorimeters  with 
contents,  R  3465,  L  3465.  Pulse  80  at  ^vrist,  82  at  apex.  The  strong 
pulse  beats  have  a  greater  amphtude  than  at  any  of  the  previous 
examinations.     Rectal  temperature  37.75°C. 

Sixth  examination  of  Andrew  S.,  May  12.  Hands  in  bath  at  2.50 
p.m.,  in  calorimeters  at  3.02,  out  of  calorimeters  at  3.19.  Pulse  76 
(at  wrist). 
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TIME 

It 

L 

ROOM 

TIME 

R 

L 

ROOM 

3.01 

31.88 

31.93 

3.12 

32.20 

32.28 

26.1 

3.03 

31.89 

31.97 

26.1 

3.13 

32.24 

32.31 

3.04 

31.92 

31.99 

26.5 

3.14 

32.29 

32.35 

26.2 

3.05 

31.94 

32.01 

3.15 

32.33 

32.38 

3.06 

31.97 

32.04 

26.3 

3.16 

32.36 

32.41 

3.07 

31.99 

32.08 

3.17 

32.29 

32.44 

26.3 

3.08 

32.04 

32.12 

26.2 

3.18 

32.43 

32.48 

26.3 

3.09 

32.08 

32.17 

3.19 

32.48 

32.51 

26.1 

3.10 

32.12 

32.20 

26.2 

3.30 

32.36 

32.49 

3.11 

32.16 

32.24 

Cooling  of  calorimeters  in  11  minutes  0.12°C.  Volume  of  right  hand 
452  cc,  of  left  457  cc.  Water  equivalent  of  calorimeters  with  contents, 
R  3456,  L  3460.     Rectal  temperature  37.57°C. 

First  bloodflow  examination  of  E.  P.  W.,  February  19.  Hands  in 
bath  at  3.03  p.m.,  in  calorimeters  at  3.14,  out  of  calorimeters  at  3.30. 


TIME 

R 

L 

ROOM 

TIME 

R 

L 

ROOM 

3.16 

31.50 

31.47 

3.24 

31.595 

31.57 

3.17 

31.52 

31.48 

19.2 

3.25 

31.60 

31.585 

20.0 

3.18 

31.525 

31.49 

3.26 

31.61 

31.60 

3.19 

31.53 

31.49 

3.27 

31.63 

31.63 

20.0 

3.20 

31.54 

31.50 

20.0 

3.38 

31.66 

31.65 

3.21 

31.56 

31.52 

3.29 

31.67 

31.66 

3.22 

31.57 

31.54 

20.0 

3.30 

31.69 

31.67 

3.23 

31.58 

31.56 

3.42 

31.45 

31.44 

Cooling  of  calorimeters  in  12  minutes,  R  0.24°,  L  0.23°C.  Pulse 
100.  Volume  of  right  hand  387  cc,  of  left  356  cc.  Water  equivalent 
of  calorimeters  with  contents,  R  3405,  L  3380.  Mouth  temperature 
36.35°C. 

Second  examination  of  E.  P.  W.,  February  20.  Hands  in  bath  at  3.44 
p.m.,  in  calorimeters  at  3.55,  out  of  calorimeters  at  4.12. 
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TIME 

R 

L 

ROOM 

TIME 

R 

L 

ROOM 

3.57 

31.19 

31.36 

4.06 

31.51 

31.655 

19.9 

3.58 

31.22 

31.42 

4.07 

31.56 

31.670 

3.59 

31.26 

31.45 

19.6 

4.08 

31.59 

31.69 

19.9 

4.00 

31.29 

31.47 

4.09 

31.65 

31.74 

4.01 

31.33 

31.50 

19.7 

4.10 

31.68 

31.76 

20.0 

4.02 

31.36 

31.53 

4.11 

31.72 

31.79 

4.03 

31.39 

31.55 

19.7 

4.12 

31.76 

31.80 

19.9 

4.04 

31.42 

31.57 

4.28 

31.47 

31.50 

4.05 

31.495* 

31.64* 

*  Reading  verified. 

Cooling  of  calorimeters  in  16  minutes,  R  0.29°,  L  0.30°C.  Pulse 
92  (amplitude  considerably  gi-eater  than  at  first  examination).  Mouth 
temperature  36.35°,  rectal  temperature  36.63°C.  Volume  of  right  hand 
394  cc,  of  left  344  cc.  Water  equivalent  of  calorimeters  with  contents, 
R  3410,  L  3370. 

Third  examination  of  E.  P.  W.,  February  24.  Hands  in  bath  at 
3.00  p.m.,  in  calorimeters  at  3.11.  out  of  calorimeters  at  3.25. 


TIME 

R 

h 

ROOM 

TIME 

R 

L 

ROOM 

3.13 

32.09 

32.29 

3.20 

33.26 

32.44 

3.14 

32.11 

32.32 

17.3 

3.21 

32.27 

32.45 

17.5 

3.15 

32.13 

32.34 

3.22 

32.28 

32.46 

3.16 

32.16 

32.36 

17.4 

3.23 

32.30 

32.465 

17.5 

3.17 

32.17 

32.37 

17.5 

3.34 

32.31 

32.47 

3.18 

32.20 

32.39 

3.25 

32.31 

32.47 

3.19 

32.23 

32.42 

3  39 

32.00 

32.14 

Cooling  of  calorimeters  in  14  minutes,  R  0.31°,  L  0.33°C.  Pulse 
62.  Rectal  temperature  37.13°C.  Volume  of  right  hand  369  cc,  of 
left  346  cc.  Water  equivalent  of  calorimeters  with  contents,  R  3390, 
L  3372. 
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TO    FUNCTIONAL    (VASOIMOTOR)    CAUSES 

G.  N.  STEWART 

From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 
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In  Paper  XIII  of  this  series^  I  have  investigated  certain  criteria 
by  which  a  deficiency  in  the  bloodflow  through  the  hands  or  feet, 
or  through  one  hand  or  foot,  due  to  mechanical  causes  (embol- 
ism, compression  or  hgation  of  arteries)  is  distinguished  from  a 
deficienc}'  due  to  vasoconstriction.  One  of  these  criteria  is 
the  constancy  of  the  ratio  of  the  flow  in  a  mechanically  obstructed 
part  to  the  flow  in  a  normal  part  in  the  same  indi\4dual  in  suc- 
cessive measurements  made  at  not  too  long  intervals  and  under 
approximately  the  same  external  conditions,  especially  the  same 
external  temperature.  Another  is  the  relatively  small  response 
of  the  flow  in  the  mechanically  obstructed  part  to  conditions  which 
cause  general  cutaneous  vasodilatation,  especially  a  considerable 
increase  in  the  external  temperature.  A  third  criterion  investi- 
gated is  the  relatively  feeble  vasomotor  reflex  in  the  mechanic- 
ally obstructed  part  when  the  contralateral  part  is  immersed  in 
warm  or  cold  water.  None  of  these  criteria  holds  good  for  a 
deficient  flow  due  to  a  functional  (vasomotor)  cause.  The  ratio 
of  the  flow  in  a  part  which  happens  at  one  time  to  have  a  deficient 

^  Journal  of  Experimental  Medicine,  1915,  rsdi,  No.  1. 
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circulation  owing  to  increased  vasoconstriction  to  the  flow  in  a 
part  in  the  same  person  with  normal  circulation  does  not  remain 
constant  from  day  to  day.  The  ratio  is  easily  altered  when  the 
external  temperature  is  changed,  and  the  flow  in  the  affected 
part  is  readily  influenced  reflexly  from  the  contralateral  part. 
In  this  paper  I  desire  to  supplement  these  observations,  in  partic- 
ular by  observations  in  which  the  stability  of  the  flow  in  the 
part  in  which  it  was  deficient  was  tested  under  the  administration 
of  drugs  causing  vasodilatation  (nitroglycerine,  alcohol).  It  is 
clear  that  such  drugs  might  be  expected  to  affect  the  flow  in  a 
part  with  mechanically  obstructed  circulation  to  a  smaller  extent 
than  the  flow  in  a  part  whose  circulation  was  diminished  by  vaso- 
constriction.   The  conclusion  was  verified  in  a  number  of  cases. 

John  G,,2  a  Polish  laborer,  aged  41  years,  came  under  observation 
for  examination  of  the  bloodflow  at  Lakeside  Hospital  on  March  25, 
1915.  He  had  had  his  left  leg  amputated  in  the  middle  of  the  lower 
leg  in  July,  1909,  and  his  right  leg  amputated  at  the  middle  of  the  thigh 
in  May,  1913,  for  thrombo-angitis  obliterans.  He  complains  of  pain 
in  the  hands,  especially  the  left.  The  terminal  phalanx  of  the  left 
middle  finger  shows  a  gangrenous  area  at  the  tip  and  around  the  foot 
of  the  nail,  which  has  existed  for  six  weeks.  There  is  discoloration, 
but  the  skin  is  unbroken  as  yet.  There  is  no  history  of  injury.  The 
brachial  pulse  is  well  felt  in  the  left  arm,  but  the  radial  not.  The 
patient  says  no  pulse  has  been  felt  at  his  left  wrist  since  it  was  fractured 
a  while  ago.     The  right  radial  pulse  is  good. 

The  bloodflow  on  March  25,  1915,  was  10.32  gm.  per  100  cc.  per 
minute  in  the  right  hand  and  8.6  gm.  in  the  left,  with  room  temperature 
22.0°C.  before  the  testing  of  the  vasomotor  reaction.  During  immersion 
of  the  right  hand  in  cold  water  the  flow  in  the  left  was  only  diminished 
to  7.90  gm.  per  100  cc.  per  minute  for  the  whole  period  of  immersion  of 
9  minutes.  During  a  10  minutes  immersion  of  the  right  hand  in  warm 
water  the  flow  in  the  left  was  increased  only  to  8.08  gm.  per  100  cc.  per 
minute.  That  is  to  say,  there  were  practically  no  vasomotor  reflexes 
in  the  left  hand  from  the  contralateral  hand,  indicating  a  high  degree  of 
inunobihty  of  the  vessel  walls. 

On  April  27,  1915,  the  bloodflow  in  the  hands  was  again  examined 

'  I  am  indebted  to  my  colleague,  Dr.G.W.Crile,  for  the  opportunity  of  study- 
ing this  case. 
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with  a  very  much  higher  room  temperature.  The  gangrenous  region 
on  the  terminal  phalanx  of  the  left  middle  finger  had  increased  in  area 
and  depth.  There  was  some  pain  in  the  hand  from  time  to  time  but  no 
pain  in  the  necrosed  area.  The  points  of  the  little  and  ring  fingers  of 
the  left  hand,  as  well  as  the  point  of  the  middle  finger  were  painful  now. 

The  flow  in  the  right  hand  was  11.29  gm.  per  100  cc.  per  minute 
for  9  minutes  before  the  vasomotor  reflexes  were  tested,  in  the  left 
only  5.64  gm.,  with  room  temperature  28.5°C.  The  diminution  in  the 
blood  in  the  left  hand  as  compared  with  the  first  examination,  notwith- 
standing the  high  external  temperature,  is  definite  proof  of  the  marked 
deterioration  of  the  circulation  in  that  hand  in  the  interval.  The 
great  deficiency  in  the  left  hand  as  compared  with  the  right  in  the  face 
of  the  high  temperature  is  conclusive  evidence  of  mechanical  obstruction. 
The  vasomotor  reflexes  from  the  contralateral  hand  were  again  practi- 
cally absent,  or  at  any  rate  without  influence  on  the  bloodflow. 

On  April  30  the  influence  of  nitroglycerine  on  the  hand  flow  was 
tested.  The  day  was  cold,  but  it  is  quite  characteristic  of  such  con- 
ditions that  the  flow  in  the  left  hand  was  almost  as  great  as  on  April 
27  when  the  weather  was  warm  (5.31  gm.  per  100  cc.  per  minute  for 
7  minutes  before  the  administration  of.  nitroglycerine);  whereas  the 
flow  in  the  right  hand  was  diminished  to  8.28  gm.  per  100  cc.  per  minut-e 
(ratio  of  flow  in  left  hand  to  that  in  right  1:1.559)  with  room  tempera- 
ture 23.4°C.  For  the  first  4  minutes  after  the  administration  of  nitro- 
glycerine had  begun,  the  flow  in  the  right  hand  was  8.45  gm.  per  100 
cc.  per  minute  as  compared  with  5.74  gm.  in  the  left  hand  (ratio  1 :1.472) . 
For  the  next  12  minutes  with  further  administration  of  nitroglycerine 
the  flow  in  the  left  hand  remained  at  5.8  gm.,  while  that  in  the  right 
increased  to  9.36  gm.  per  100  cc.  per  minute  (ratio  1:1.613).  The 
change  in  the  ratio  shows  that  the  vasodilatation  has  affected  the  right 
hand  more  than  the  left.  Nausea  now  came  on.  The  patient  felt 
sick  and  his  face  became  markedly  pale  for  3  minutes.  During  this 
period  the  flow  in  the  right  hand  fell  to  4.46  gm.  and  that  in  the  left 
hand  to"4.07  gm.  per  100  cc.  per  minute  (ratio  1:1.09).  The  great 
change  in  the  ratio  shows  clearly  that  the  diminution  in  the  hand  flows 
was  not  due  mainly  to  a  central  cause  (inhibition  of  the  heart) ,  or  to  a 
vasomotor  effect  produced  elsewhere  than  in  the  extremities  (e.g.,  in 
the  splanchnic  area),  but  to  a  peripheral  vasoconstriction  naturaUy 
affecting  the  right  hand  with  its  relatively  mobile  vessels  far  more  than 
the  left  hand.^ 

•  Stewart:  Jour.  Pharmacol.  andExper.  Therap.,  1911,  ii,  481, 
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With  the  recovery  from  nausea  the  pallor  of  the  face  disappeared, 
and  the  flow  in  the  right  hand  increased  far  more  than  that  in  the  left 
(to  8.26  gm.  per  100  cc.  per  minute  for  the  right  hand  as  compared  with 
4.32  gm.  for  the  left  for  the  last  10  minutes  of  the  experiment,  ratio 
l:1.91)v 

The  great  relative  increase  in  the  flow  in  the  right  hand  in  the  last 
10  minutes  of  the  experiment  as  compared  with  the  left  hand  indicates 
the  passing  off  of  the  vasoconstriction  associated  with  the  period  of 
nausea.  The  left  hand  owing  to  the  anatomical  changes  in  the  vessels 
is  naturally  but  little  affected.  The  flow  in  the  left  hand  does  not 
return  to  its  initial  value  either  because  the  driving  power  of  the  heart 
is  still  reduced  or  because  a  general  vasodilatation  still  keeps  the  blood 
pressure  lower  than  at  first.  If  the  blood  pressure  is  lowered  and  the 
mechanical  conditions  do  not  permit  appreciable  diminution  of  the  total 
vascular  resistance  in  the  left  hand,  the  flow  in  that  hand  must  be  dimin- 
ished, while  the  flow  in  the  normal  or  approximately  normal  right  hand 
may  even  be  increased. 

The  effect  of  alcohol  (or  rather  of  certain  alcoholic  beverages) 
on  the  hand  flow  was  first  studied  in  a  normal  man  (M.  C),  26 
years  of  age.  He  had  on  many  previous  occasions  been  used  as 
a  subject,  so  that  the  limits  of  range  of  his  hand  flow  were  known. 

For  10  minutes  before  the  administration  of  alcohol,  the  flow 
was  14.74  gm.  per  100  cc.  per  minute  for  the  right  hand  and 
13.58  gm.  for  the  left  (ratio  1:1.08)  with  room,  temperature 
23.2°C.  The  first  effect  of  alcohol  (in  the  form  of  port  wine) 
was  to  diminish  the  flow  in  both  hands.  This  initial  diminution 
has  also  been  seen  in  the  other  cases.  The  flow  for  the  first  10 
minutes  after  the  administration  of  the  wine  was  begun  was 
12.81  gm.  per  100  cc.  per  minute  for  the  right  hand  and  11.18 
gm.  for  the  left  hand  (ratio  1:1.14).  The  diminution  was  not 
the  same  in  the  two  hands,  being  proportionally  greater  in  the 
left,  and  therefore  it  could  not  have  been  due  solely  to  an  action 
on  the  heart  or  to  a  vasomotor  effect  elsewhere  than  in  the 
extremities.  It  must  have  been  due  partly  at  least  to  a  vaso- 
constriction in  the  hands,  and  there  is  no  obvious  reason  to  ex- 
pect that  such  a  vasoconstriction  should  be  exactly  the  same  on 
the  two  sides.     The  initial  effect  of  the  alcohol  is  very  promptly 
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manifested,  certainly  within  the  first  minute.  This  is  true  of 
whisky  as  well  as  wine.  It  would  therefore  seem  probable  that 
it  depends  upon  a  vasomotor  reflex  liberated  from  the  mucous 
-membrane  of  the  mouth,  oesophagus  or  stomach.  The  same 
result  was  seen  in  another  man  in  normal  health  but  exhibiting 
a  peculiarity  in  the  hand  flow  which  will  be  mentioned  in  the 
proper  place.  Neither  of  the  subjects  was  an  habitual  drinker. 
The  wine  was  relished  by  both,  but  the  whisk\',  diluted  with  an 
equal  volume  of  water,  was  not  so  well  liked.  In  a  patient  with 
cardiorenal  disease  whisky  also  caused  a  diminution  in  the  hand 
flow  for  the  first  10  minutes  after  its  administration.  The 
whisk}^  was  not  well  liked  in  this  case  either.  This  is  mentioned 
because  the  handflow  is  very  easily  influenced  by  psychical 
events,  disgust,  fear  or  painful  impressions  causing  a  prompt 
and  decided  diminution.  But  the  fact  that  the  wine  caused  a 
similar  effect,  although  it  was  relished,  makes  it  probable  that 
in  the  case  of  the  whisky  aLso  it  is  the  reflex  vasomotor  effect 
and  not  a  psychical  reaction  which  is  responsible  for  the  initial 
vasoconstriction. 

The  next  effect  of  the  alcoholic  beverage  on  the  hand  flow  is 
an  increased  circulation  in  both  hands.  In  AI.  C.  for  the  second 
10  minutes  of  the  alcohol  period  the  flow  in  the  right  hand  was 
16.77  gm.  per  100  cc.  per  minute  and  in  the  left  hand  15.76 
gm.  (ratio  1 :1.06).  For  the  next  7  minutes  of  the  alcohol  period, 
the  flows  were  still  further  increased  to  18.32  gm.  and  17.61 
gm.  per  100  cc.  per  minute  for  the  right  and  left  hand  respectiveh' 
(ratio  1:1.04).  The  decline  in.  the  ratio  shows  that  the  initial 
moderate  difference  in  flow  in  the  two  hands  becomes  continu- 
ously less  as  the  absolute  value  of  the  flows  increases.  This 
could  not  be  due  to  central  changes  alone  or  to  vasomotor  changes 
in  other  regions  affecting  both  hands  indirectly  and  therefore 
equally.  It  follows  that  some  portion  of  the  increased  flow 
in  the  hands  must  be  due  to  vasodilatation  in  the  hands  them- 
sehes.  It  is  obvious  that  if  the  initial  vasoconstriction  was 
somewhat  greater  in  the  left  hand  than  in  the  right,  as  vasodila- 
tation under  the  influence  of  the  alcohol  increased,  this  difference 
would  tend  to  disappear. 
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An  interesting  point  well  brought  out  in  this  experiment,  and 
also  observed  in  others,  is  that  alcohol  favors  reflex  vasodilatation 
in  the  hands.  Thus,  27  minutes  after  the  administration  of 
alcohol  was  commenced  the  left  hand  was  immersed  in  warm 
water.  The  initial  diminution  of  the  flow  in  the  right  hand,  which 
is  normally  seen,  was  very  slight  and  transient  (from  18.32  gm. 
to  17.81  gm.  per  100  cc.  per  minute  for  the  first  3  minutes  of 
immersion  of  the  left  hand  in  the  warm  water) .  Then  followed 
a  marked  increase  in  the  flow,  which  despite  its  previous  high 
level  rose  to  23.57  gm.,  much  the  largest  flow  seen  in  M.  C.  on  the 
twenty  or  more  occasions  on  which  his  hand  flow  was  measured 
in  the  past  four  years.  This  observation  suggests  that  one  way 
in  which  alcohol  produces  dilatation  of  cutaneous  vessels  is  by 
so  altering  the  response  of  the  vasomotor  centres  to  reflex  stimuli 
that  vasodilatation  is  favored.  How  far  ''paralysis"  of  vaso- 
constrictor tone  by  a  direct  depressant  action  on  the  vasomotor 
centres  is  a  factor  is  not  indicated  by  our  observations. 

The  other  normal,  or  at  least  healthy  man  (John  R.,  22  years 
old),  in  whom  the  effect  of  alcohol  on  the  hand  flow  was  investi- 
gated presents  the  peculiarity,  not  hitherto  observed  in  any  other 
healthy  person,  that  the  flow  in  the  left  hand  is  permanently 
very  decidedly  smaller  than  in  the  right.  This  has  been  the  case 
in  tests  made  over  a  period  of  more  than  two  years.  The  ratio 
of  the  flows  in  the  two  hands  remains  so  stable  as  to  suggest  a 
mechanical  cause  for  the  difference,  for  example  a  congenital 
difference  in  cross  section  of  the  two  subclavians.  The  suggestion 
that  a  mechanical  and  not  a  vasomotor  factor  underlies  the 
difference  in  flow  is  strengthened  by  the  fact  that  conditions  which 
cause  considerable  variations  in  the  absolute  amount  of  the  hand 
flow  do  not  tend  to  equalize  the  flow  in  the  two  hands. ^  This 
idea  is  supported  by  the  alcohol  observations.  For  the  10^ 
minutes  before  the  administration  of  strong  port  wine,  the  flow 
in  the  right  hand  was  18.52  gm.  per  100  cc.  per  minute,  and  that 
in  the  left  hand  14.01  gm.  (ratio  1:1.32),  with  room  temperature 
25.0°C. 

*  Journal  of  Experimental  Medicine,  1915,  xxii.  No.  1. 
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For  the  first  two  minutes  after  the  taking  of  wine  was  begun 
the  flow  in  both  hands  was  diminished,  the  diminution  being 
proportionally  much  greater  in  the  right  hand  than  in  the  left, 
so  that  the  flow  became  about  equal  in  the  two  hands. ^  The 
fact  that  the  diminution  was  so  much  greater  in  the  right  hand 
shows  that  it  must  have  been  due  at  least  partly  to  vasoconstric- 
tion affecting  the  hands,  although  a  temporary  decrease  in  the 
output  of  the  heart  is  not  excluded.  Just  as  in  the  case  of  John 
G.  during  the  period  of  nausea,  the  vasoconstriction  would 
necessarily  tend  to  equalize  the  flow  in  the  two  hands  if  the 
flow  in  one  were  already  diminished  by  a  mechanical  cause.  Of 
course  the  same  would  be  true  if  the  vasoconstrictor  tone  of  one 
hand  was  already  greater  than  that  of  the  other  at  the  time  the 
fresh  vasoconstriction  occurred.  But  we  know  that  this  is  not 
the  explanation  in  the  case  of  John  G.,  and  that  it  is  not  the 
explanation  in  the  case  of  John  R.  is  indicated  by  the  fact  that 
for  the  next  8  minutes  of  the  alcohol  period  when  vasodilatation 
was  already  marked,  a  decided  inequality  in  the  two  hand  flows 
had  already  returned,  the  flow  in  the  right  being  19.56  gm.  per 
100  cc.  per  minute  and  that  in  the  left  15.87  (ratio  1:1.23).  For 
the  next  10  minutes  the  flows  were  20.70  and  16.14  gm.  per  100 
cc.  per  minute  for  the  right  and  left  hands  respectively  (ratio 
1 :1.28)  and  for  the  remaining  M  minutes  of  the  experiment  21.99 
gm.  per  100  cc.  per  minute  for  the  right  hand  against  17.07  gm. 
for  the  left  (ratio  1:1.29,  approximately  the  same  as  before  the 
administration  of  alcohol.)  These  flows  are  also  absolutely 
the  largest  ever  observed  in  this  individual. 

The  initial  diminution  in  the  hand  flow  after  alcohol  was  also 
seen  in  Otis  S.,  a  man  suffering  from  cardiorenal  disease  (chronic 
interstitial  nephritis  and  myocarditis),  with  liquid  in  the  right 
pleural  cavity  and  the  abdominal  cavity  and  oedema  of  the  arms, 
hands,  legs  and  feet.  About  an  hour  after  the  aspiration  of  2 
litres  of  liquid  from  the  right  thorax,  an  examination  of  the  flow 

'  It  must  be  pointed  out  that  too  much  stress  must  not  be  laid  on  the  apparent 
equality  of  the  flows  here  because  the  error  in  calculating  the  flow  for  so  short  a 
period  as  two  minutes  would  be  10  per  cent  if  an  error  of  0.01°C.  were  made  in  a 
thermometer  reading. 
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in  the  hands  was  made,  during  the  course  of  which  the  patient 
was  given  2  ounces  of  whisky  followed  by  some  water.  He 
said  he  did  not  like  the  whisky  and  its  administration  was 
followed  by  flatulence.  The  observations  were  only  continued 
for  10  minutes  after  the  whisky  was  given.  The  flow  in  the 
right  hand  for  the  9  minutes  preceding  the  giving  of  alcohol  was 
6.83  (7.98)*'  per  100  cc.  per  minute,  and  that  in  the  left  hand  7.94 
(9.11)  gm.  (ratio  1:1.14)  with  the  very  high  room  temperature 
29.8°C.  For  the  10  minutes  after  the  alcohol  was  given  the  flows 
were  5.93  (6.92)  gm.  and  6.40  (7.34)  gm.  per  100  cc.  per  minute 
for  the  right  and  left  hands  respectively  (ratio  1:1.06).  For 
the  first  minute  of  the  alcohol  period  the  flows  were  much  more 
decidedly  diminished,  to  4.2  (4.9)  gm.  for  the  right  hand  and 
4.1  (4.6)  gm.  for  the  left. 

SUMMARY 

1.  To  the  criteria  already  described  which  can  be  employed 
to  discriminate  between  deficiency  in  the  bloodflow  (in  the  hands 
or  feet)  due  to  mechanical  causes  and  deficiency  due  to  vaso- 
motor action,  may  be  added  the  behavior  of  the  flow  when 
drugs  which  cause  vasodilatation  (nitroglycerine,  alcohol)  are 
administered. 

2.  Alcoholic  beverages  (wine,  whisky)  cause  first  a  diminution 
and  then  an  increase  in  the  hand  flow. 

PROTOCOLS 

First  hloodflow  examination  of  John  G.,  March  25,  1915.  Hands  in 
bath  at  2.42  p.m.,  in  calorimeters  at  2.52|.  At  3.05  right  hand  put 
into  water  at  8.2°C.;  at  3.14  into  water  at  43.7°C.  At  3.24  left  hand 
removed  from  calorimeter. 


*  The  numbers  in  parentheses  are  the  flows  calculated  on  the  true  volume  of  the 
hand  tissue  after  deducting  the  oedema  fluid.  The  true  volume  was  obtained  by 
measurements  made  when  the  hands  were  free  from  oedema. 
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TEMP.   OF 

CALORIIfS 

TEMP. 

BOOM 

TIME 

LEFT 

CALO- 

RIM 

ROOM 

TIME 

TEMP.   OF 
LEFT  CALORIM 

TIME 

Right 

L3ft 

2.52 

32.220 

32.190 

3.06 

32.66 

22.1 

3.19 

33.04 

22.2 

2.54 

32.270 

32.240 

21.8 

3.07 

32.69 

3.20 

33.06 

2.55 

32.310 

32.270 

22.0 

3.08 

32.74 

22.0 

3.21 

33.09 

22.15 

2.56 

32.360 

32.320 

21.9 

3.09 

32.755 

21.9 

'3.22 

33.12 

22.2 

2.57 

32.400 

32.360 

3.10 

32.785 

3.23 

33.15 

22.2 

2.58 

32.450 

32.400 

21.9 

3.11 

32.81 

22.0 

3.24 

33.17 

2.59 

32.500 

32.450 

21.9 

3.12 

32.84 

3.00 

32.550 

32.480 

21.9 

3.13 

32.87 

22.0 

3.37 

32.96 

3.01 

32.590 

32.520 

22.0 

3.14 

32.905 

3.37 

(Rt.  32.23) 

3.02 

32.630 

32.550 

22.0 

3.15 

32.94 

22.15 

3.03 

32.680 

32.580 

22. Ct 

3.16 

32.96 

3.04 

32.720 

32.610 

22.0 

3.17 

32.98 

22.2 

3.05 

32.770 

32.  (Mo 

3.18 

33.01 

22.2 

Cooling  of  calorimeters,  right  0.54°  in  32  minutes,  left  0.21°  in  13 
minutes.  Pulse  84.  Volume  of  right  hand  522  cc.,  of  left  513  cc. 
Rectal  temperature  37.53°.  Water  equivalent  of  calorimeters  with 
contents,  R  3512,  L  3505. 

Second  hloodfloiv  examinatmn  of  John  G.,  April  27,  1915.  Hands  in 
bath  at  2.09  p.m.,  in  calorimeters  at  2.21.  At  2.32  right  put  into  water 
at  9.5°C.,  and  at  2.39  into  water  at  44.1°C.  At  2.47  left  hand  removed 
from  calorimet-er. 


TLME 

R 

2.20 

32.00 

2.22 

32.07 

2.23 

32.12 

2.24 

32.20  ♦ 

2.25 

32.27 

2.26 

32.33 

2.27 

32.39 

2.28 

32.45 

2.29 

32.52 

2.30 

32.58 

2.31 

32.62 

2.32 

32.69 

2.33 

2.34 

2.35 

31.95 
32.00 
32.03 
32.06 
32.10 
32.13 
32.16 
32.19 
32.22 
32.25 
32.27 
32.29 
32.32 
32.35 
32.38 


ROOM 

TIME 

2.36 

28.4 

2.37 

2.38 

28.5 

2.39 

2.40 

28.5 

2.41 

2.42 

28.7 

2.43 

2.44 

28.7 

2.45 

2.46 

2.47 

28.5 

2.48 

3.01 

28.5 

32.56 
32.46 


32.410 
32.440 
32.460 
32.485 
32.510 
32.530 
32.550 
32.575 
32.600 
32.625 
32.650 
32.670 

32.560 


28.4 

28.6 
28.8 

29.0 
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Cooling  of  calorimeters  R,  0.10°  in  13  minutes,  L  0.11°  in  14  minutes 
Volume  of  right  hand  549  cc,  of  left  527  cc.  Water  equivalent  of 
calorimeters  with  contents  R  3534,  L  3516.  Rectal  temperature 
37.45°C.     Blood  pressure,  right  arm  185,  100  (sound  gone). 

Third  hloodflow  examination  of  John  G.,  April  30,  1915.  From  time 
to  time  during  the  examination  nitroglycerine  (Spiritus  Glonoini) 
was  administered  on  the  tongue.  Hands  in  bath  at  2.10|  p.m.,  in  cal- 
orimeters at  2.20|,  out  of  calorimeters  at  2.58.     Pulse  96. 


TIME 

R 

1- 

UOOM 

NOTES 

TIMK 

R 

- 

ROOM 

NOTES 

2.20 

31.79 

31.840 

2.40 

32.58 

32.27 

2.21 

31.79 

31.830 

2.41 

32.63 

32.29 

23.7 

2.22 

31.85 

31.860 

23.2 

2.42 

32. W 

32.31 

2.23 

31.89 

31.885 

23.3 

2.43 

32.71 

32.33 

23.7 

2.24 

31.95 

31.910 

2.44 

32.74 

32.35 

23.7 

Face  getting  pale. 

2.25 

31.995 

31.930 

23.4 

2.45 

32.79 

32.36 

Face  pale.  Yawns.  Nausea. 

2.26 

32.035 

31.950 

2.46 

32.80 

32.37 

2.27 

32.080 

31.970 

23.5 

2.47 

32.81 

32.38 

Feels  sick,  but  does  not 
want  to  vomit. 

2.28 

32.115 

31.990 

23.5 

Pulse  102 

2.48 

32.82 

32.39 

Pulse  85.  Volume  of  carotid 
pulse  much  reduced. 

2.29 

32.14 

32.010 

2dropsSp.Gl. 

2.49 

32.86 

32.41 

He  says  he  is  now  all  right. 
Tongue  and  lips  pale. 

2.30 

32.18 

32.030 

23.5 

2.50 

32.88 

32.42 

2.31 

32.22 

32.050 

23.5 

2.51 

32.90 

32.43 

23.8 

Yawns.  Some  noise  in  ears. 

2.32 

32.270 

32.080 

Pulse  not  increased 

2.52 

32.93 

32.44 

Pulse  80.    Sweats  on  face. 

2.33 

32.30 

32.100 

23.5 

3  drops  Sp.  Gl. 

2.53 

32.97 

32.45 

Not  so  pale  now. 

2.34 

32.35 

32.130 

23.5 

No  flushing  of  face 

2.54 

33.00 

32.46 

23.7 

Pulse    88;   volume     much 

2.35 

32.395 

32.150 

Head  a  little  sore  but 
no  throbbing 

2.55 

33.03 

32.475 

better. 

2.36 

32.42 

32.180 

23.6 

2.56 

33.07 

32.48 

Feels  back  cold. 

2.37 

32.46 

32.200 

23.6 

2.57 

33.09 

32.49 

23.9 

2.38 

32.50 

32.230 

5  drops  Sp.  Gl. 

2.58 

33.11 

32.50 

2.39 

32.54 

32.250 

23.7 

3.07 

32.97 

32.37 

Pulse  89 

Coohng  of  calorimeters,  R  0.14°,  L  0.13°  in  9  minutes.  Volume  of 
right  hand  544  cc,  of  left  521  cc.  Rectal  temperature  37.35°C. 
Water  equivalent  of  calorimeters  with  contents,  R  3530,  L  3512. 

Examination  of  hloodflow  in  M.  C.  to  test  itifluence  of  alcohol.  Hands 
in  bath  at  3.18  p.m.,  in  calorimeters  at  3.28.  Pulse  at  beginning  of 
observations  94.  At  3.40,  70  cc.  port  wine  given;  at  3.41,  70  cc.  more; 
at  3.44,  an  additional  70  cc.  At  3.49|  p.m.,  he  got  25  cc.  whisky 
diluted  with  an  equal  volume  of  water.     "It  takes  his  breath."  , 
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TIME 

K 

L 

ROOM 

TIME 

R 

L 

ROOM 

NOTES 

3.27 

31.90 

31.88 

3.53 

33.320 

33.080 

23.3 

3.29 

31.98 

3i:86 

23.2 

3.54 

33.380 

33.150 

Head  heavy,  feels  sleepy 
and  tired. 

3.30 

32.06 

31.95 

3.55 

33.430 

33.190 

Pulse  88. 

3.31 

32.11 

32.04 

3.57 

33.530 

33.300 

3.32 

32.19 

32.09 

2.58 

33.590 

33.350 

3.33 

32.27 

32.15 

3.59 

33.630 

33.400 

3.34 

32.33 

32.21 

23.2 

4.00 

33.690 

33.450 

23.3 

3.35 

32.40 

32.26 

4.01 

33.740 

33.510 

3.36 

32.47 

32.32 

4.02 

33.790 

33.555 

23.5 

3.37 

32.53 

32.38 

23.2 

4.03 

33.840 

33.600 

Head  dizzy. 

3.38 

32.61 

32.45 

4.(M 

33.890 

33.650 

- 

3.39 

32.68 

32.50 

23.2 

4.05 

33.940 

33.750 

3.40 

32.72 

32.55 

4.06 

33.980 

33.750 

3.41 

32.77 

32.57 

4.07 

34.020 

33.790 

Left  hand  put  in  water 
at  43.5"  C. 

3.42 

32.79 

32.60 

4.08 

34.060 

23.4 

3.43 

32.84 

32.64 

4.09 

34.095 

3.44 

32.89 

32.68 

4.10 

34.140 

3.45 

32.91 

32.70 

4.11 

34.190 

23.3 

3.46 

32.96 

32.75 

23.2 

4.12 

34.240 

3.47 

33.00 

32.78 

4.13 

34.290 

23.2 

Feels  sleepy  and  warm. 

3. 48 

33.07 

32.84 

4.14 

34.340 

3.49 

33.11 

32.88 

4.15 

34.390 

3.50* 

33.17 

32.94 

23.3 

4.16 

34.430 

Feels  'effect  of  alcohol 
decidedl}'. 

3.51 

33.21 

32.97 

4.17 

34.490 

23.3 

Hand  removed  f rom  calor- 
rimeter. 

3.52 

33.27 

33.04 

4.25 

34.350 

33.50 

*  At  this  point  he  says  he  feels  warm  all  over, 
"inside." 


Before  this  he  onlv  felt  warm 


Cooling  of  calorimetei-s,  R  0.14°C.  in  8  minutes,  L  0.29°C.  in  18 
minutes.  Volume  of  right  hand  512  cc,  of  left  495  cc.  Water  equiv- 
alent of  calorimeters  with  contents,  R  3505,  L  3491.  Rectal  tempera- 
ture 37.00°C.  At  the  end  of  the  experiment  he  walked  quite  straight 
along  a  crack.  Later  the  dizziness  went  on  increasing  and  he  still 
felt  it  after  two  hours. 

John  R.  Examination  of  effect  of  alcohol  upon  the  bloodfiow. 
Hands  in  bath  at  1.25  p.m.,  in  calorimeters  at  1.35,  out  of  calorimeters 
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,„  two  observations. 
At  1.47  p.m., he  got  70  cc.  of  port  wine;  at  1.51, 


at  2.21.     Pulse  at  beginning  of    bservation  60,  in 


of  whisky 


The  day  was  muggy.     ^-      ,  -^ 

35  cc;  at  1.58  p.m.,  70  cc.  more.     Al  2.09,  he  g«*  ^0  cc.^^^  ^^.^^^ 
diluted  with  an  equal  volume  of  water. ,  He  did  not 
as  well  as  the  wine.     He  said  it  tasted  ba\d. 


^                                NOTES 

TIME 

R 

L 

HOOM 

TIME 

R 

L 

ROOM 

^U- 

1.341 

31.700 

31.690 

1.59 

33.10 

32.740 

25.1 

-rm  "mside. 
Feels  wa.    . 
Slightly  cL  ^     ^  ■ 

1.36 

31.720 

31.720 

24.7 

2.00 

33.17 

32.770 

1.37 

31.790 

31.750 

24.9 

2.01 

33.23 

32.830 

25.1 

1.38 

31.860 

31.800 

2.02 

33.29 

32.870 

1.39 

31.925 

31.855 

25.1 

2.03 

33.35 

32.920 

Pulse  68. 

1.40 

32.000 

31.900 

2.04 

33.40 

32.970 

>S- 

1.41 

32.070 

31.950 

25.15 

2.05 

33.43 

32.990 

Dizziness  increasiii. 

1.42 

32.130 

32.000 

25.1 

2.06 

33.48 

33.030 

25.0 

'ausfc 

1.43 

32.210 

32.050 

2.07 

33.51 

33.060 

\not 

1:44 

32.270 

32.080 

25.0 

2.08 

33.56 

33.100 

\. 

1.45 

32.320 

32.110 

2.09 

33.60 

33.140 

^d 

1.46 

32.380 

32.160 

24.8 

2.10 

33.63 

33.155 

25.1 

1.47 

32.460 

32.210 

2.11 

33.67 

33.190 

Sleepy;    increasing    dizzi 
ness. 

1.48 

32.485 

32.240 

2.12 

33.73 

33.240 

1.49 

32.530 

32.280 

2.13 

33.78 

33.285 

25.1 

Pulse  69. 

1.50 

32.610 

32.340 

24.9 

2.14 

33.82 

33.340 

Dizziness  increasing. 

1.51 

32.690 

32.390 

2.16 

33.90 

33.410 

1.52 

32.720 

32.430 

25.0 

2.17 

33.94 

33.440 

25.0 

1.53 

32.780 

32.460 

2.18 

33.98 

33.460 

1.54 

32.830 

32.520 

2.19 

34.02 

33.490 

25.0 

Dizziness    constantly    in- 
creasing. No  other  effect 

1.55 

32.880 

32.555 

24.9 

2.20 

34.06 

33.525 

1.56 

32.950 

32.600 

24.9 

2.21 

34.09 

33.550 

1.57 

33.000 

32.655 

2.27 

34.00 

33.460 

Walks  straight  on  floor. 

1.58 

33.060 

32.690 

CooHng  of  calorimeters  in  6  minutes  0.09°C.  Volume  of  right  hand 
410  .cc,  of  left  383  cc.  Water  equivalent  of  calorimeters  with  contents, 
R  3423,  L  3391.     Pulse  54.     Rectal  temperature  36.65°C. 

Otis  S.  Hands  in  bath  at  3.01  p.m.,  in  calorimeters  at  3.10j,  out 
of  calorimeters  at  3.31.  At' 3.21  he  received  5ii  of  whisky  and  then  a 
glass  of  water. 
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TIME 

K 

L 

ROOM 

TIME 

R 

L 

ROOM 

3.09 

31.730 

31.700 

29.45 

3.22 

32.235 

32.350 

29.8 

3.12 

31.800 

31.820 

29.90 

3.23 

32.270 

32.390 

3.13 

31.840 

31.860 

3.24 

32.300 

32.430 

3.14 

31.895 

31.920 

29.80 

3.25 

32.340 

32.470 

29.8 

3.15 

31.950 

31.980 

3.26 

32.380 

32.510 

3.16 

32.000 

32.040 

29.90 

3.27 

32.415 

32.545 

3.17 

32.060 

32.120 

3.28 

32.455 

32.590 

3.18 

32.090 

32.160 

3.29 

32.495 

32.630 

3.19 

32*130 

32.210 

29.80 

3.30 

32.520 

32.660 

29.9 

3.20 

32.170 

32.260 

3.31 

32.570 

32.725 

3.21 

32.210 

32.325 

3.39 

32.510 

32.835 

Cooling  of  calorimeters  0.06  in  8  minutes.  Rectal  temperature 
37.8°.  Volume  of  right  hand  in  calorimeter  543  cc,  of  left  hand  570  cc. 
Water  equivalent  of  calorimeters  with  contents,  R  3429,  L  3451. 


[Reprinted  from  the  Journal  of  Experimental  Mediqne,  Vol.  XXII,No.6,I9I5.] 


STUDIES  ON  THE  CIRCULATION  IN  MAN. 

XVI.     A  Study  of  the  Development  of  the  Collateral  Cir- 
culation IN  the  Right  Hand  after  Ligation  of  the 
Innominate  Artery  for  Subclavxan  Aneurysm. 

By  G.  N.  STEWART,  M.D. 

(From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of  Western 
Reserve  University,  Cleveland.) 

(Received  for  publication,  June  28,  IQIS-) 

Through  the  kindness  of  my  colleague.  Dr.  Carl  A.  Hamann,  I 
have  been  enabled  to  study  two  cases  in  which  he  successfully  li- 
gated  the  innominate  and  common  carotid  arteries  for  subclavian 
aneur}sm.  I  have  employed  the  method  of  measuring  the  blood 
flow  in  the  hands  previously  described  by  me.^ 

The  results  in  the  first  case,  that  of  Mrs.  K.,  68  years  of  age,  have  already 
been  published,^  and  need  only  be  briefly  alluded  to  here  for  comparison  with 
the  second  case.  I  did  not  have  the  opportunity  of  examining  the  blood  flow 
before  the  operation  on  Mrs.  K.  The  operation  was  performed  on  Feb.  26, 
1913.  On  Mar.  20,  the  flow  in  the  right  hand  was  1.50  gm.  per  lod  cc.  of  hand 
per  minute,  and  in  the  left  5.32  gm.  (ratio  1:3.54),  with  room  temperature  26.7° 
C.  On  Mar.  21  the  flows  were  1.83  gm.  and  6.38  gm.  for  the  right  and  left 
hands,  respectively  (ratio  1:3.48),  with  room  temperature  22.7°  C.  On  July  9, 
1913  (19  weeks  after  the  operation),  the  flow  in  the  right  hand  was  8.26  gm. 
per  100  cc.  per  minute  and  in  the  left  10.69  g™-  (ratio  i:  1.3),  with  room  tem- 
perature 26.2°  C.  There  was  no  pulse  in  the  accessible  arteries  of  the  right  arm. 
Yet  it  is  obvious  from  the  blood  flow  measurements  that  a  very  satisfactory'  col- 
lateral circulation  had  been  established.  At  the  present  time  the  patient  is  still 
alive,  and  a  pulse  has  returned. 

The  second  case  was  that  of  a  colored  man,  Arthur  B.,  aged  25  years,  height 
5  feet,  4  inches,  weight  132  pounds.  He  was  admitted  to  the  City  Hospital  May 
6,  191 5,  complaining  of  pain  in  the  right  shoulder  and  right  arm.  The  pain 
began  3  weeks  before  he  applied  for  admission  coincidently  with  the  appearance 
of  a  small  lump  below  the  right  clavicle,  which  rapidly  increased  in  size.  The 
pain  and  muscular  weakness  in  the  right  arm  soon  forced  him  to  quit  work.  On 
admission  the  loss  of  power  in  the  right  forearm  and  hand  was  marked;  in  the 
upper  arm  and  shoulder  it  was  less  marked,  though  evident    There  is  no  atrophy 

1  Stewart,  G.  N.,  Heart,  191 1,  iii,  33. 

2  Stewart,  Arch.  Int.  Med.,  1914,  xiii,  i. 
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or  edema  of  the  right  arm.  The  circumference  of  the  right  arm  at  the  middle 
of  the  biceps  is  30  cm.,  of  the  left  27  cm.  The  circumference  of  the  right  fore- 
arm is  28^  cm.,  of  the  left  27  cm.  The  man  is  right  handed.  The  left  radial 
pulse  is  of  greater  volume  than  the  right.  The  pulse  in  the  two  radials  is  syn- 
chronous. Blood  pressure  in  right  arm,  systolic  no,  diastolic  88;  in  left  arm, 
systolic  130,  diastolic  70.     The  fingers  of  the  right  hand  are  markedly  clubbed. 

May  II,  1915.  Blood:  leucocytes  11,600,  hemoglobin  80  per  cent.  Wasser- 
mann  +  +  -f. 

On  May  11  the  innominate  and  common  carotid  arteries  were  ligated. 

May  19,  1915.  He  is  fairly  well.  The  right  hand  is  not  cold.  He  has  no 
pain  in  the  right  arm,  but  the  arm  and  hand  feel  tired.  The  radial  side  of  the 
palm  of  the  hand  feels  numb.  There  is  no  pulse  at  the  left  wrist.  Pulse  rate 
116  (sitting).  The  blood  flow  in  the  hands  was  measured  May  8,  that  is,  3  days 
before  the  operation,  and  again  on  May  22,  11  days  after  the  operation.  Further 
examinations  were  made  on  May  28,  June  4,  and  June  11. 

The  patient's  friends  prevailed  on  him  to  leave  the  hospital  on  May  24,  and 
he  subsequently  returned  from  time  to  time  for  the  blood  flow  examinations. 

On  May  8  the  flow  in  the  right  hand  was  12.52  grams  per  100 
cc.  of  hand  per  minute  for  the  last  nine  minutes  in  the  calorimeters, 
and  that  in  the  left  hand  6.36  grams,  with  average  room  temperature 
of  22.5°  C.  It  may  appear  puzzling  at  first  thought  that  the  flow  in 
the  right  hand  should  be  double  that  in  the  left,  while  the  amplitude 
of  the  right  radial  pulse  is  so  much  smaller  than  that  of  the  left. 
The  pulse  as  felt  by  the  finger,  however,  is  only  a  rough  criterion 
of  the  blood  flow  on  the  assumption  that  the  anatomical  conditions 
are  normal.  In  the  present  case  the  pulse  wave  must  be  supposed  to 
be  greatly  diminished  and  its  form  distorted  in  passing  through  the 
aneurysm,  but  that  is  no  reason  for  expecting  that  the  mass  move- 
ment of  the  blood  should  be  diminished  as  well.  The  systolic  pres- 
sure in  the  right  arm  was  no,  the  diastolic  88  mm.  of  mercury. 
The  pulse  pressure,  which  can  alone  be  detected  by  the  finger,  is 
only  22  mm.  of  mercury.  In  the  left  arm  the  systolic  pressure  was 
130,  the  diastolic  70,  and  the  pulse  pressure  60  mm.  of  mercury. 
But  while  this  makes  it  clear  that  there  is  no  ground  for  expect- 
ing a  smaller  flow  on  the  side  of  the  smaller  pulse,  why  should 
the  flow  be  so  much  larger  on  that  side  ?  The  explanation  is  prob- 
ably twofold :  first,  there  is  evidence  of  pressure  on  constituents  of 
the  brachial  plexus  supplying  the  right  hand.  Now  pressure  suffi- 
cient to  cause  loss  of  power  in  the  skeletal  miuscles  may  be  assumed 
to  cause  also  some  loss  of  vasomotor  tone,  since  the  vasomotor 
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fibers  in  the  brachial  plexus  cannot  conceivably  be  protected  from 
the  pressure.  A  loss  of  vasomotor  tone  in  a  hand  will  of  course 
be  accompanied  by  an  increased  blood  flow.  As  a  matter  of  fact,  I 
have  found  that  in  early  unilateral  brachial  neuritis  the  blood  flow 
in  the  corresponding  hand  is  decidedly  greater  than  in  the  normal 
hand.  Secondly,  it  is  very  likely  that  a  dilated  right  subclavian 
artery  offers  a  freer  passage  to  the  blood  than  the  normal  left 
subclavian  does.  That  such  reciprocal  relations  have  an  important 
influence  on  the  distribution  of  the  blood  is  indicated  in  an  inter- 
esting manner  by  the  results  of  the  first  blood  flow  examination 
after  ligation  of  the  innominate.  On  May  22  (eleven  days  after 
the  operation)  the  flow  in  the  right  hand  was  3.44  grams  per  100 
cc.  per  minute  and  that  in  the  left  hand  15.38  grams  (ratio  i :  4.47), 
with  room  temperature  25.0°  C.  The  flow  in  the  right  hand  has,  of 
course,  been  greatly  reduced  by  the  ligation,  but  the  interesting  point 
is  that  the  flow  in  the  left  hand  has  been  correspondingly  increased. 
Thus,  100  cc.  of  right  hand  and  100  cc.  of  left  hand  together  re- 
ceived 18.88  grams  of  blood  per  minute  before  the  ligation  and 
18.82  grams  after  ligation,  exactly  the  same  amount.  But  the  dis- 
tribution is  totally  different.  Of  course,  this  extremely  exact  cor- 
respondence is  accidental,  but  it  cannot  be  accidental  that  the  flow 
in  the  left  hand  should  have  been  so  much  smaller  than  that  in 
the  right  before  the  operation  and  should  have  been  so  greatly 
increased  after  it.  The  cutting  off  of  the  path  through  the  innomi- 
nate and  right  common  carotid  obviously  permitted  more  blood  to 
enter  the  alternative  route  of  the  left  subclavian  and  left  carotid. 
That  the  flow  in  the  left  carotid  was  increased  after  the  operation 
was  indicated  by  the  plainly  visible  throbbing  of  the  left  temporal 
artery.  I  have  elsewhere  discussed^  the  reciprocal  effect  of  occlu- 
sion of  one  path  upon  the  corresponding  vascular  path  on  the  other 
side  of  the  body. 

The  next  blood  flow  examination  was  made  on  May  28  (seven- 
teen days  after  the  ligation).  The  flow  in  the  right  hand  was  4.76 
grams,  and  in  the  left  15.31  grams  per  100  cc.  per  minute  (for  a 
period  of  five  minutes  when  the  flows  were  at  the  maximum  for  the 
two  hands),  with  room  temperature  26.0°  C.     The  ratio  of  the 

3  Stewart,  Jour.  Exper.  Med.,  1915,  xxii,  I. 


697  Studies  on  the  Circulation  in  Man. 

flows  was  I  to  3.21,  indicating  a  steady  improvement  in  the  collat- 
eral circulation.  Including  a  period  of  vasoconstriction  due  to  a 
psychical  cause,  which  of  course  diminished  the  circulation  more  in 
the  left  hand  than  in  the  right,  the  flows  (for  ten  minutes)  were 
4.15  grams  per  100  cc.  per  minute  for  the  right  and  12.17  grams 
for  the  left  hand  (ratio  i  to  2.93).  The  reflex  change  in  the  flow 
elicited  in  the  right  hand  by  immersing  the  left  hand  in  warm 
water  was  small,  as  is  always  the  case  in  a  part  whose  circulation  is 
mechanically  obstructed.  For  the  three  minutes  immediately  pre- 
ceding the  vasomotor  test  the  flow  in  the  right  hand  was  4.04  grams 
per  100  cc.  per  minute.  For  the  first  four  minutes  of  immersion  of 
the  left  hand  in  warm  water  the  flow  in  the  right  sank  to  3.05  grams 
per  100  cc.  per  minute,  to  rise  to  4.86  grams  per  100  cc.  per  minute 
for  the  remaining  four  minutes  of  the  period,  an  insignificant  re- 
action. 

On  June  4  (twenty-four  days  after  the  operation)  the  flow  in 
the  right  hand  was  4.86  grams  and  in  the  left  9.00  grams  (ratio 
I  to  1.85)  per  100  cc.  per  minute  for  the  last  18  minutes  in  the  cal- 
orimeters, with  room  temperature  23.9°  C.  The  patient  came  to 
the  hospital  for  the  examination  on  rather  a  cool  morning,  naturally 
with  bare  hands,  and  vasoconstriction  due  to  this  was  probably  re- 
sponsible for  cutting  down  the  flow  in  the  left  hand.  For  the  reason 
already  given  the  effect  on  the  right  hand  would  be  comparatively 
insignificant.  The  ratio  is  therefore  probably  to  some  extent  arti- 
ficial, and  gives  an  unduly  favorable  view  of  the  development  of  the 
collateral  circulation  at  this  time.  Nevertheless  the  fact  that  in 
spite  of  the  vasoconstriction  the  flow  in  the  right  hand  is  absolutely 
greater  than  at  the  last  examination  shows  clearly  enough  that  the 
collateral  circulation  is  still  opening  up. 

The  last  examination  was  made  on  June  11  (thirty-one  days 
after  the  operation).  The  right  hand  was  now  being  freely  used, 
the  only  symptoms  which  troubled  the  patient  being  numbness 
along  the  palmar  surface  of  the  thumb  and  the  radial  surface  of 
the  index  finger.  The  hand  was  fairly  strong,  although  not  of 
course  as  strong  as  the  left  hand.  The  flow  in  the  right  hand  was 
8.55  grams  per  100  cc.  per  minute  and  in  the  left  14.24  grams  (ratio 
I  to  1.66).  There  was  no  pulse  in  the  accessible  arteries  of  the 
right  anterior  extremity. 
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The  collateral  circulation  has  therefore  developed  much  more 
rapidly  than  in  the  other  case.  This  is  doubtless  to  be  attributed  in 
part  at  least  to  the  youth  of  the  patient  and  the  consequent  greater 
distensibility  of  his  arteries  and  the  greater  driving  power  of  his 
heart. 

Protocols. 

First  Examination  of  Blood  F/ow/.— Arthur  B.  May  8,  1915.  Hands  in  bath 
at  10.27  a.  m.,  in  calorimeters  at  10.38^^,  out  of  calorimeters  at  10.51.     Pulse  84. 


Temperature  of 

Time. 

Temperature  of 

Time. 

Calorimeters. 

Room. 

Calorimeters. 

Right. 

Left. 

Right. 

Left. 

10.38 
10.40 
10.41 
10.42 
10.43 
10.44 
10.45 

31-31 
3136 
31-38 
31-42 
31-49 
31-56 
31.64 

31-21 
31.22 
31-25 
31.26 
31-28 
31-30 
31-33 

21.4 
21.9 

10.46 
10.47 
10.48 

10.49 
10.50 
10.51 
11.02 

31-73 
31-79 
31.84 
31-92 
3 1-99 
32.05 
31.89 

31-39 

31-41 

31.42s 

31-45 

31-47 

31-495 

31-33 

22.1 
22.5 
22.9 

Cooling  of  calorimeters  in  il  minutes,  right  0.16°,  left  0.165°.  Volume  of 
right  hand  482  cc,  of  left  427  cc.  Water  equivalent  of  calorimeters  with  con- 
tents, right  3,480,  left  3,436.    Rectal  temperature  37.65°  C. 


Second   Examination. — May   22,    1915.    Hands    in   bath    at   2.1 1    p.    m.,    in 
calorimeters  at  2.20,  out  of  calorimeters  at  2.31.    Pulse  100. 


Temperature  of 

Time. 

Temperature  ot 

Time. 

Calorimeters. 

Calorimeters. 

Room. 

Room. 

Right. 

Left. 

Right.              Left. 

2.19 

31-98 

31.98 

2.27 

32.015 

32.41 

2.21 

31.96       I      32.02 

2.28 

32.03 

32.48 

25.1 

2.22 

31.97            32.08 

25-0 

2.29 

32.04 

32.55 

2.23 

31.97            :          32.14 

2.30 

32.OSS 

32.62 

25.0 

2.24 

31-975         32.20 

25.0 

2.31 

32.07       1      32.68 

2.25 

31.98           32.26 

2.43 

31-95            32.54 

2.26 

32.00           32.34 

250 

Cooling  of  calorimeters  in  12  minutes,  right  0.12°,  left  0.14°.  Volume  of 
right  hand  485  cc,  of  left  410  cc.  The  mark  on  the  left  wrist  was  inadvertently 
put  somewhat  lower  than  usual,  so  that  a  somewhat  smaller  volume  of  the  left 
hand  was  in  the  calorimeter.  Water  equivalent  of  calorimeters  with  contents, 
right  3,483,  left  3,423  cc.     Mouth  temperature  37.0°  C. 

Third  Examination. — May  28,  1915.  Hands  in  bath  at  2.10^  p.  m.,  in 
calorimeters  at  2.22.  At  2.36  the  left  hand  was  immersed  in  water  at  44°  C 
At  2.44  the  right  hand  was  removed  from  the  calorimeter. 
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Temperature  of 

Time. 

Temperature  of 

Time. 

Calorimeters. 

Calorimeters. 

Room. 

Right. 

Left. 

Right. 

Left. 

2.21 

31-95 

31-95 

2-34 

32.09 

32.58 

259 

2.23 

31-945 

31-99 

25-9 

2-35 

32-105 

32-63 

2.24 

31.96 

32-04 

2.36 

32.12 

32.67 

2.25 

31-97 

32-08 

26.0 

2-37 

32-125 

25.7 

2.26 

31-975 

32-12 

2.38 

32.135 

2.27 

31-985 

32.16 

26.0 

2.39 

32-14 

2.28 

31-99 

32.21 

2.40 

32.15 

25.9 

2.29 

32-005 

32.27 

26.1 

2.41 

32-165 

2.30 

32.02 

32-34 

2.42 

32.185 

2.31 

32-04 

32.40 

26.1 

2.43 

32.205 

25.9 

2.32 

32.OSS 

32-47 

2.44 

32.22 

2.33* 

32.08 

32-54 

2.52 

32-14 

32.48 

*  Here  he  began  to  concern  himself  about  the  preparations  being  made  for  the 
warm  water  test,  causing  some  psychical  vasoconstriction. 

Cooling  of  calorimeters,  right  0.08°  in  8  minutes,  left  0.19°  in  16  minutes. 
Volume  of  right  hand  458  cc,  of  left  420  cc.  Water  equivalent  of  calorimeters 
with  contents,  right  3,461,  left  3,431  cc.     Rectal  temperature  37.44°  C. 

Fourth  Examination. — June  4,  1915.  The  day  was  rather  cool  and  the  ex- 
amination was  begun  soon  after  his  arrival  at  the  hospital.  Pulse  78.  Hands 
in  bath  at  11.33  a.  m.,  in  calorimeters  at  11.42^^,  out  of  calorimeters  at  12.05. 


Temperature  of 

Time. 

Temperature  of 

Time. 

Calorimeters. 

Calorimeters. 

TJ       ___ 

■p    f^fv—. 

Right. 

Left. 
3I-6S 

Right. 

Left. 

11.42 

31-70 

11.56 

31-805 

31-975 

11.44 

31-68 

31-66 

23-6 

11.57 

31-82 

32.01 

11.45 

31.69 

31-67 

23-8 

11.58 

31-83 

32-04 

23-9 

11.46 

31-695 

31-675 

23-8 

11.59 

31-845 

32-07 

11.47 

31.70 

31.70 

12.00 

31-855 

32.09 

11.48 

31-71 

31.74 

24.0 

12.01* 

31-875 

32.14 

24.0 

11.49 

31-73 

31-78 

12.02 

31895 

32.175 

11.50 

31.74 

31-80 

23-9 

12.03 

31-91 

32.19 

24.0 

II.51 

31-75 

31-83 

24.0 

12.04 

31-925 

32.23 

11.52 

31-755 

31-85 

12.05 

31-95 

32.275 

11.53 

31-76 

31.88 

12.13 

31.84 

32.16 

11.54 

31.775 

31.92 

23-9 

ii.SS 

31-795 

31-95 

♦Here  he  is  beginning  to  fidget  and  says  the  right  arm  and  hand  are  getting 
tired. 


Cooling  of  calorimeters  in  8  minutes,  right  0.11°,  left  0.115°.  Volume  of 
right  hand  446  cc,  of  left  413  cc.  Water  equivalent  of  calorimeters  with  con- 
tents, right  3,452,  left  3,425.     Rectal  temperature  37-i9°  C. 
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Fifth  Examination. — June  ii,  1915.     Pulse  84.    Hands  in  bath  at  11.03  a.  m., 
in  calorimeters  at  ii.i2}i,  out  of  calorimeters  at  11.30. 


Temperature  of 

Time. 

Temperature  of 

Time. 

Calorimeters. 

Calorimeters. 

Room. 

Room. 

Right.      '        Left. 

Right.       j        Left, 

II. 12 

31.77           31-74 

11.23 

32.10       j      32.29 

II. 14 

31.80           31.79 

25.0 

11.24 

32.13       i      32.35 

25.1 

II. 15 

31.84           31.8s 

25.1 

11.25 

32.165           32.41 

II. 16 

31.88           31.91 

11.26 

32.20       i      32.46 

25-1 

II. 17 

31.905    1     31.97 

25.0 

11.27 

32.24             32.51S 

\ 

II. 18 

31.93      1     32.02 

11.28 

32.26             32.56 

II. 19 

31965 

32.075 

IX. 29 

32.29             32.61 

11.20 

32.00 

32.13s 

250 

11.30 

32.32             32.66 

II. 21 

32.04 

32.18 

11-37 

32.235           32.57 

11.22 

32.07           32.24 

Cooling  of  calorimeters  in  7  minutes,  right  0.085°,  left  0.09°.  Volume  of 
right  hand  457  cc,  of  left  425  cc.  Water  equivalent  of  calorimeters  with  contents, 
right  3,460,  left  3,435  cc     Rectal  temperature  36.91°  C. 


SUMMARY. 

The  development  of  the  collateral  circulation  after  ligation  of  the 
innominate  and  right  common  carotid  arteries  for  subclavian 
aneurysm  was  studied  in  two  cases  by  measuring  the  rate  of  blood 
flow  in  the  hands  from  time  to  time. 

In  a  woman,  sixty-eight  years  old,  the  flow  in  the  right  hand 
three  weeks  after  the  operation  was  two-sevenths  of  that  in  the  left. 
Nineteen  weeks  after  the  operation  the  flow  in  the  right  hand  was 
more  than  three-fourths  of  that  in  the  left,  although  no  pulse  re- 
turned until  long  afterwards. 

In  a  man,  twenty-five  years  old,  the  flow  in  the  right  hand  eleven 
days  after  the  operation  was  between  one-fourth  and  one-fifth  of 
that  in  the  left.  Seventeen  days  after  the  operation  the  flow  in  the 
right  hand  was  nearly  one-third  of  the  flow  in  the  left.  Twenty- 
four  days  after  the  operation  the  flow  in  the  right  hand  had  in- 
creased to  more  than  one^half  of  the  left  hand  flow.  Thirty-one 
days  after  the  operation  the  flow  in  the  right  hand  was  three-fifths 
of  that  in  the  left,  without  return,  as  yet,  of  any  pulsation. 

Before  the  operation  the  flow  in  the  right  hand  was  markedly 
greater  than  in  the  left,  notwithstanding  the  small  size  of  the  right 
radial  pulse  as  compared  with  the  left.  The  explanation  of  this  fact 
is  discussed. 
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DETERMINATIONS   WERE   CARRIED   OUT, 
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FINDINGS^ 

By  R.  W.  SCOTT,  M.  D..  and  G.  N.  STEWART,  M.  D.,  from  the  City 
Hospital  and  the  H.  K.  Cushing  Laboratory  of  Experimental  Medi- 
cine, Western  Reserve  University,  Cleveland. 

The  following  case  was  studied  first  at  Lakeside  Hospital 
and  later  at  the  City  Hospital.  It  was  deemed  worthy  of  publi- 
cation not  on  account  of  its  rarity,  but  because  it  presented  cer- 
tain interesting  clinical  features,  some  of  which  were  difficult 
to  explain  during  life.  These  were  readily  interpreted  in  the 
light  of  the  facts  obtained  from  the  post  mortem  examination, 
together  with  a  series  of  blood  flow  determinations  made  in  the 
hands  and  feet  at  intervals  during  the  clinical  course  of  the  dis- 
ease, which  observations  afforded  a  means  of  quantitatively  esti- 
mating the  impairment  in  the  circulation. 

Clinical  History.  The  patient,  Costa  B.,  male,  aged  47, 
first  came  under  observation  April  30,  1914,  in  the  service  of 
Doctor  Hoover,  to  whom  we  are  indebted  for  the  opportimity  of 
studying  the  case  while  at  Lakeside  Hospital. 

On  admission  the  man  was  suffering  from  an  attack  of  acute  rheu- 
matic fever,  involving  the  right  knee  and  ankle.  He  gave  a  history  at 
this  time  of  having  always  been  well  prior  to  the  onset  of  his  present 
trouble.  There  was  no  demonstrable  cardiac  enlargement  and  no  abnor- 
mal precordial  activity  palpable.  A  loud  blowing  systolic  murmur  was 
audible  at  the  apex,  otherwise  the  heart  sounds  were  clear.  He  was 
given  sodium  salicylate  to  the  point  of  toxicity,  following  which  his 
temperature  returned  to  normal,  the  inflammatory  process  in  the  joints 
abated,  and  he  was  discharged  from  the  hospital  May  9,  1914,  feeling 
perfectly  well. 

Contrary  to  advice,  he  began  to  work  the  day  following  his  discharge 
and  worked  steadily  until  July  31,  1914,  when  he  was  seized  with  a  sud- 
den attack  of  pain  in  the  right  leg,  most  severe  in  the  region  of  the  groin. 
He  fell  to  the  floor  and  was  taken  to  the  hospital  in  an  ambulance. 

Examination  of  the  heart  at  this  time  showed  a  slight  enlargement  to 
the  left,  but  no  enlargement  upward  or  to  the  right  was  demonstrable. 
There  was  a  presystolic  crescendo  murmur  running  up  to  and  ending  in 
a  loud  and  sharp  first  sound.  A  faint  blowing  systolic  murmur  followed 
the  first  sound.  The  second  sound  was  clear.  Palpation  of  the  accessi- 
ble arteries  revealed  an  absence  of  the  pulse  in  the  left  brachial  and 
radial,  with  a  normal  pulse  in  the  corresponding  vessels  of  the  opposite 
side.  A  good  pulsation  was  present  in  the  right  femoral  and  popliteal, 
but  absent  in  the  dorsalis  pedis  and  only  faintly  perceptible  in  the  tibialis 
amicus  on  the  right  side.  All  the  other  palpable  arteries  showed  a  good 
pulsation.  The  following  notes  were  made  during  the  patient's  stay  in 
the  hospital  at  this  time : 
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August  4„  1914. — Patient  is  complaining  of  pain  in  the  left  elbow  and 
right  groin.  Pulsation  in  the  left  radial  artery  is  faintly  perceptible. 
Pulsation  in  the  brachial  is  normal.  Pulsation  has  returned  in  the  right 
dorsalis  pedis. 

September  1,  1914. — Patient  is  feeling  well,  although  there  is  no  pul- 
sation in  the  left  radial  or  right  dorsalis  pedis. 

September  26,  1914. — Left  arm  is  very  painful.  Still  no  radial  pulse 
perceptible. 

September  30,  1914. — Right  radial  pulse  is  diminished  in  volume,  but 
brachial  pulse  normal. 

October  3,  1914. — There  is  no  pulsation  in  the  left  radial  or  brachial 
arteries.     Patient  is  still  complaining  of  pain  in  the  right  leg. 

October  5,  1914. — The  right  radial  pulse  is  absent. 

October  8,  1914.     Right  radial  pulse  returned  to  normal  volume. 

October  10,  1914. — The  left  radial  pulse  is  absent.  Patient  is  com- 
plaining of  pain  in  the  left  shoulder  and  down  the  left  arm  as  far  as  the 
elbow. 

November  20,  IPM.^^Patient  discharged.  The  pulse  in  all  the  acces- 
sible arteries  is  normal  except  in  the  left  radial  artery,  where  it  is  dimin- 
ished in  volume,  and  the  right  dorsalis  pedis,  where  it  is  absent. 

The  patient  v^as  not  observed  again  until  February  2,  1915, 
when  he  entered  the  City  Hospital  in  the  service  of  Doctor  E.  P. 
Carter*,  complaining  of  pain  in  the  left  arm  and  right  leg,  the 
pain  being  particularly  severe  with  exercise.  Since  his  discharge 
(November  20,  1914)  he  had  remained  fairly  comfortable,  but 
was  unable  to  work,  on  account  of  the  pain  in  the  right  leg  when 
he  attempted  to  walk.  Examination  showed  a  marked  atrophy  of 
both  the  left  arm  and  the  right  leg,  with  no  pulse  in  any  of  the 
accessible  arteries  of  either  extremity.  The  left  hand  and  right 
foot  were  slightly  cyanotic,  and  felt  cold  to  touch.  The  pulse  in 
the  right  radial  and  brachial  was  diminished  in  volume.  No  ab- 
normality in  the  volume  of  the  pulse  was  made  out  elsewhere. 

The  cardiac  findings  were  the  same  as  above  noted  on  the  previous 
admissions,  except  for  the  occurrence  of  occasional  premature  beats  of 
auricular  origin  as  shown  by  polygraphic  tracings.  Blood  culture  was 
negative  on  two  different  occasions.  Temperature  oscillated  between  99 
and  100.5°  F.  With  the  exception  of  a  slowly  progressive  atrophy  of 
the  right  leg,  very  little  change  was  noted  in  the  patient's  general  con- 
dition for  three  months,  at  which  time  (Mav  1)  he  developed  extreme  pain 
in  both  lower  extremities,  with  a  loss  of  the  patellar  and  achilles  re- 
flexes on  both  sides.  There  was  so  much  superficial  tenderness  that  he 
would  not  tolerate  the  pressure  of  the  bed  clothes.  This  was  inter- 
preted as  being  due  to  an  ischaemic  condition  of  the  peripheral  nerve 
trunks  incident  to  the  extreme  impairment  in  the  mass  movement  of 
blood  through  the  lower  extremities.  The  right  leg  became  much  dis- 
colored.    He  died  on  May  4. 

Clinical  Diagnosis.     Infectious  endocarditis  with  stenosis  and 

insufficiency  of  the  mitral  valve ;  multiple  emboli  and  thrombosis ; 

terminal  edema  of  the  lungs  and  gangrene  of  the  right  foot  and 

leg. 


*Footnote — We  desire  to  acknowledge  the  courtesy  extended  to  us 
by  Doctor  Carter  in  our  study  of  this  case. 


Scott  and  Stewart — Rheumatic  Endocarditis  5 

Autopsy  Findings  Bearing  on  the  Cace.  The  heart  showed 
extreme  dilatation  and  hypertrophy  of  the  left  auricle ;  the  wall  in 
some  places  measured  3  mm.  in  thickness.  The  mitral  valve  meas- 
ured 10  cm.,  and  displayed  a  marked  grade  of  fibrotic  thickening 
of  both  leaflets,  while  between  the  two  there  was  situated  a  round 
mass  of  fresh,  soft  vegetation  measuring  3  cm.  in  diameter.  The 
mitral  orifice  measured  1^^  cm.  across.  Minute  dissection  of 
the  coronary  arteries  revealed  nothing  abnormal.  In  the  left  sub- 
clavian artery  just  at  the  origin  of  the  vertebral  artery  there  was 
an  old  and  completely  organized  thrombus  entirely  obliterating  the 
lumen  of  both  the  subclavian  and  vertebral  arteries  on  that  side. 
The  right  brachial  artery  for  a  distance  of  8  cm.  above  the  bend 
of  the  elbow  was  hard  and  thickened,  with  a  lumen  just  large 
enough  to  admit  the  passage  of  a  small  probe.  The  right  com- 
mon iliac  artery  through  its  whole  course  and  the  first  8  cm.  of 
the  external  iliac  were  completely  filled  with  a  partially  organ- 
ized thrombus  which  totally  obstructed  the  circulation.  The 
right  femoral  artery  appeared  as  a  hard  fibrous  cord  and  was 
about  half  the  size  of  the  left  femoral.  The  left  common  iliac 
was  not  involved,  but  lodged  in  the  left  external  iliac  at  its  origin 
was  a  fibrinous  mass  2  cm.  long,  completely  occluding  the  lumen, 
but  not  adherent  to  the  walls  of  the  artery. 

Microscopic  Examinatiion.  A  section  from  the  site  of  obstruction  in 
the  subclavian  showed  the  lumen  completely  tilled  with  a  mass  of  vascu- 
larized connective  tissue,  which  in  a  few  places  was  young  and  of  the 
type  of  early  organization  tissue  with  lymphocytes  and  endothelial  cells, 
but  for  the  most  part  was  of  older,  denser  type,  showing  small  spindle- 
shaped  nuclei  and  well-developed  fibrillar  substance.  Numerous  endo- 
thelial cells  contained  hemosiderin  granules.  The  intima  was  somewhat 
thickened;  the  internal  lamina  was  necrotic.  The  media  and  adventitia 
were  fibrotic. 

A  section  of  the  right  brachial  showed  its  lumen  almost  obliterated 
with  dense  fibrous  tissue,  in  the  center  of  which  was  a  distinct  slit-like 
canal.  No  trace  of  a  thrombus  remained.  The  internal  elastic  lamina 
was  almost  complete,  being  interrupted  at  only  one  place,  and  only  for  a 
short  distance.  In  the  periphery  of  the  thickened  intima  were  several 
smaller  blood  channels,  near  which  was  a  deposit  of  blood  pigment. 
The  thrombus  from  the  right  common  iliac  was  almost  completely  hyalin- 
ized,  showing  dense,  irregular  bands  of  hyalin,  with  here  and  there  in 
meshes  masses  of  basophilic  nuclear  debris.  Irregular  bands  of  new 
connective  tissue  extended  for  a  short  distance  into  the  thrombus  from 
the  wall  of  the  artery.  These  bands  contained  delicate  capillaries  and 
showed  an  old  central  thrombus  made  up  of  finely  granular  acidophilic 
necrotic  material,  containing  a  few  granules  of  hemosiderin.  Both 
sides  of  the  thrombus  showed  a  moderately  thick  layer  of  organized 
tissue,  which  had  gone  on  to  the  formation  of  fairly  dense  old  con- 
nective tissue,  containing  large  capillaries  and  a  considerable  number  of 
lymphocytes  and  endothelial  cells,  many  of  the  latter  containing  granules 
of   hemosiderin.    The   intima   was    markedly   thickened    and    hyalinized. 
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The  media  was  fibrosed  and  hyalinized  and  showed  atrophy  and  disap- 
pearance of  its  muscle.  The  adventitia  also  showed  hyalinization  of  its 
connective  tissue. 

The  first  examination  of  the  blood  flows  in  the  hands  and 
feet  was  made  on  October  26,  1914.  The  flow  was  found  to  be 
6.03  gm.  for  100  c.c.  of  part  per  minute  for  the  right  hand,  and 
1.28  gm.  for  the  left  hand,  with  room  temperature  22°  C.  No 
pulse  could  be  detected  at  the  left  wrist.  The  ratio  of  the  flow  in 
the  left  hand  to  that  in  the  right  was  1 :4.71.  The  flow  in  the 
left  hand  is  perfectly  compatible  with  complete  obstruction 
of  the  left  subclavian  at  this  time.  For,  in  a  case  of  ligation  by 
Doctor  Hamann  of  the  innominate  and  the  common  carotid  for 
subclavian  aneurysm  in  a  man  25  years  of  age,  the  flow  in  the 
right  hand,  11  days  after  the  operation,  was  already  3.7  gm.  per 
100  c.c.  of  hand  per  minute  (about  one-quarter  of  the  flow  in 
the  left  hand)  ;  and  in  a  woman  68  years  old,  on  whom  Doctor 
Hamann  performed  the  same  operation,  the  flow  in  the  right 
hand  a  month  after  the  operation  was  over  1.5  gm.  (about  two- 
sevenths  of  the  flow  in  the  left  hand). 

If,  as  the  absence  of  pulsation  in  the  radial  and  the  small 
blood  flow  in  the  left  hand  indicate,  the  left  subclavian  was  totally 
plugged  at  the  timie  of  the  first  blood  flow  examination,  the  block 
could  hardly  have  been  entirely  due  to  such  a  complete  organized 
thrombus  as  was  found  at  autopsy.  For,  on  November  20,  1914, 
a  pulse  was  detected  in  the  left  radial,  although  it  was  dimin- 
ished. At  some  time  between  the  patient's  discharge  from 
Lakeside,  on  that  date,  and  his  admission  at  City  Hospital,  the 
obstruction  in  the  left  subclavian,  it  is  to  be  assumed,  became 
complete  and  permanent. 

The  flow  in  the  feet  of  Costa  B.  on  October  26  was  1.25  gm. 
for  the  right  and  2.50  gm.  for  the  left  (ratio  1:2).  This  ratio 
was  the  highest  observed  in  the  series  of  examinations.  Later 
on  the  ratio  altered  unfavorably  to  the  right  foot.  Accordingly, 
there  is  every  reason  to  suppose  that  at  this  date  the  obstruction 
on  the  arterial  path  of  the  right  leg  was  less  complete  than  it 
afterwards  became. 

The  flow  in  the  right  hand  is  subnormal  for  the  man's  age. 
This  would  fit  in  with  the  existence  at  this  date  of  a  certain 
degree  of  obstruction  on  the  arterial  path  of  the  right  arm,  such 
as  was  revealed  at  the  autopsy.  However,  it  must  be  remem- 
bered that  the  man's  heart  was  handicapped,  and  if  we  compare 
the  flow  in  the  left  foot,  where  there  is  no  evidence  of  any  ob- 
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struction,  with  that  in  the  right  hand,  the  ratio  ( 1  : 2.4)  is  not 
abnormally  small,  as  it  ought  to  be  if  the  path  to  the  right  hand 
was  obstructed  to  any  material  extent  at  this  time. 

The  second  examination,  made  on  February  24,  1915,  showed 
a  great  improvement  in  the  blood-flow  in  the  left  hand,  notwith- 
standing the  absence  of  pulsation  in  the  accessible  arteries  of 
the  limb.  The  flow  in  the  left  hand  was  2.54  gm.  and  in  the 
right  6.96  gm.  per  100  c.c.  of  part  minute  (ratio  1  :  2.74),  with 
room  temperature  23.8°  C.  The  i:nprovement,  both  absolute  and 
relative,  in  the  flow  in  the  left  hand,  is  quite  compatible  with  the 
existence  at  this  time  of  complete  block  of  the  subclavian  and 
with  complete  absence  of  pulsation  in  the  part.  The  opening  up 
of  the  collateral  circulation  after  ligation  of  the  innominate  in 
the  old  lady  mentioned  raised  the  blood-flow  in  the  right  hand  in 
the  course  of  16  weeks  so  much  that  the  ratio  between  the  flow  in 
the  right  and  left  hands  became  1  :  1.3  instead  of  1  :  3.5,  although 
it  required  a  far  longer  time  for  pulsation  to  return. 

At  the  third  examination  of  Costa  B.,  on  February  26,  1915, 
the  flow  in  both  hands  was  increased,  being  3.7  gm.  per  100  c.c. 
per  minute  in  the  left  and  9.98  gm.  in  the  right,  with  room  tem- 
perature 24°  C.  The  ratio  of  the  flows  in  the  two  hands  was 
practically  the  same  as  at  the  second  examination,  indicating  that 
the  increased  flow  was  due  to  increased  output  of  the  heart.  The 
pulse  rate  was  102  at  the  third  as  compared  with  81  at  the  second 
examination.  The  flow  in  the  left  foot  was  6.5  gm.,  a  marked 
increase,  but  that  in  the  right  foot  was  only  0.7  gm.  per  100  c.c. 
per  minute.  The  ratio  of  the  flows  in  the  two  feet  was  1  : 9.28, 
showing  a  great  deterioration  in  the  circulation  of  the  right  foot 
and  no  doubt  of  the  whole  leg  since  the  time  of  the  first  examina- 
tion. 

All  the  other  clinical  signs  (increased  coldness  of  the  foot, 
increased  pain  in  the  leg,  etc.)  supported  the  conclusion  that  the 
circulation  had  become  worse.  There  was,  however,  no  gangrene 
and  blood-flows  even  smaller  have  often  been  measured  in  the 
absence  of  gangrene.  The  interesting  fact  that  the  sum  of  the 
flows  in  the  two  feet  bears  precisely  the  same  ratio  to  the  sum  of 
the  flows  in  the  two  hands,  as  was  the  case  four  months  pre- 
viously, suggested  that  "the  blocking  of  the  vascular  path  to  one 
leg  (doubtless  the  diminution  in  the  flow  extends  to  the  whole 
of  the  right  posterior  extremity)  is  associated  with  a  reciprocal 
dilatation  of  the  path  to  the  other  leg,  so  that  the  normal  parti- 
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tion  of  the  blood  between  the  legs  and  the  rest  of  the  body  is 
scarcely  disturbed.  That  is  to  say,  the  blood  which  normally 
finds  its  way  through  the  two  common  iliacs  seems  eventually, 
when  the  main  part  of  the  path  from  one  common  iliac  is  blocked, 
still  to  find  its  way  through  the  one  which  remains  pervious,  the 
normal  limb  making  room  ...  for  an  additional  quantity 
of  blood."* 

It  will  be  seen  that  the  suggestion  as  to  the  position  of  the 
block  was  confirmed  by  the  autopsy  findings. 

The  fourth  examination  was  made  on  April  7,  The  de- 
tails have  not  hitherto  been  published  and  are  given  in  the  table. 

Blood-flow  examination  of  Costa  B.,  April  7,  1915.     Pulse  132. 
He  says  he  feels  very  warm.    Feet  in  bath  at  2:34  P.  M.,  in  calori- 
meters at  2 :51,  and  out  of  calorimeters  at  3 :07j^  P.  M. 


Temp,  of  Calorim's 

Temp,  of  Calorim's 

Time 

Right 

Left 

Room 

Time      Right 

Left 

Room 

2:49 

32.59 

32.92 

3 :05         32.50 

33.96 

23.3 

2:53 

32.55 

33.10 

24.1 

3 :07         32.48 

34.10 

2:55 

32.525 

33.25 

23.5 

3:10         32.42 

34.09 

2:57 

32.52 

33.41 

23.0 

3  ■2\V2      32.03 

2:59 

32.515 

33.56 

23.1 

3:26^ 

33.72 

3:01 

32.51 

33.71 

23.3 

3:03 

32.505 

33.82 

23.4 

Cooling  of  calorimeters,  right  0.39°  C.  in  14H  minutes,  left  0.37°  C. 
in  15J/2  minutes.  Volume  of  right  foot,  1194  c.c,  of  left  foot,  1225  c.c. 
Water  equivalent  of  foot  calorimeters  with  contents,  right  3858,  left  3881. 

Hands  in  bath  at  3  :30  P.  M.,  in  calorimeters  at  3  :38^,  out  of  calori- 
meters at  3 :47  P.  M. 


Temp,  of  Calorim's 

Temp,  oi 

F  Calorim's 

Time 

Right 

Left 

Room 

Time 

Right 

Left 

Room 

3:37 

32.48 

32.49 

3:44 

32.82 

32.50 

24.5 

3:39 

32.49 

32.48 

24.3 

3:45 

32.87 

32.51 

24.6 

3:40 

32.53 

32.46 

3:46 

32.94 

32.52 

24.7 

3:41 

32.62 

32.48 

24.5 

3:47 

33.05 

32.53 

3:42 

32  69 

32.49 

24.6 

3:56 

32.93 

32.41 

3:43 

32.76 

32.50 

24.6 

Cooling  of  hand  calorimeters,  right  0.12°  C,  left  0.12°  C.  in  9  minutes. 
Volume  of  right  hand  489  c.c,  of  left  452  c.c.  Water  equivalent  of 
hand  calorimeters  with  contents,  right  3486,  left  3456.  Rectal  tempera- 
ture, 38.75°  C. 

♦Footnote — Quotation  from  a  paper  by  one  of  us  on  "A  Study  of 
inequalities  in  the  blood-flow  in  the  two  hands  (or  feet)  due  to  mechanical 
causes  (embolism,  compression  of  vessels,  etc.)  or  to  functional  (vaso- 
motor) causes,  with  a  discussion  of  the  criteria  by  which  the  conditions 
are  discriminated,"  received  for  publication  by  The  Journal  of  Experi- 
mental Medicine,  March  17,  1915. 


Scott  and  Stewart — Rheumatic  Endocarditis  9 

The  patient  felt  very  warm.  In  accordance  with  this,  the 
blood-flow  in  the  right  hand  was  increased  to  13.11  gm.,  much 
the  largest  flow  seen  in  this  case.  The  increase  was  no  doubt 
due  largely  to  cutaneous  vasodilatation,  which  of  course  affected 
the  flow  in  the  left  hand  but  little  on  account  of  the  great  re- 
sistance introduced  by  the  mechanical  block.  The  flow  in  the 
left  hand  (3.43  gm.)  was  even  slightly  less  than  at  the  last  exami- 
nation. This  amount  is  perfectly  sufficient  to  nourish  a  resting 
hand,  and  the  hand  did  not  trouble  him.  In  the  feet  the  flows  were 
1.51  gm.  and  7.43  gm.  for  the  right  and  left,  respectively  (ratio 
1  :4.92).  A  certain  improvement  in  the  collateral  circulation  of 
the  right  foot  since  last  examination  is  indicated,  and  the  clinical 
condition  of  the  limb  agreed  with  this.  There  was  no  sign  of 
gangrene,  the  atrophy  of  the  leg  previously  noted  seemed  marked, 
and  the  volume  measurement  showed  little  if  any  atrophy  of  the 
foot.  Notwithstanding  the  fluctuation  in  the  absolute  amounts 
of  the  blood-flow  in  the  hands  and  feet,  the  ratio  of  the  com- 
bined foot  flows  to  the  combined  hand  flows  remained  practically 
the  same  (1  :  1.85)  as  at  the  previous  examinations. 

A  natural  explanation  of  the  alternate  deterioration  and 
improvement  in  the  circulation  in  the  right  foot  revealed  by  the 
blood-flow  measurements  is  aflForded  by  the  autopsy  findings.  It 
would  seem  probable  that  the  block  in  the  common  iliac  was  com- 
plete before  or  about  the  time  of  the  third  examination  (Febru- 
ary 26).  It  is  well  known  that  after  ligation  of  the  common  iliac 
a  collateral  circulation  for  the  leg  develops  through  various  chan- 
nels, e.  g.,  the  lumbar  arteries.  Opening  up  of  this  collateral 
circulation  might  have  been  responsible  for  the  improvement  noted 
at  the  last  examination  in  April  7.  Possibly  some  part  of  the 
circulation  came  from  branches  of  the  internal  and  external  iliacs 
of  the  opposite  side.  If  so,  the  lodgment  of  the  fresh  embolus 
in  the  left  external  iliac  a  few  days  before  death  would  explain 
the  impairment  of  the  circulation  noted  in  the  left  leg.  as  well  as 
the  gangrene  of  the  right  leg  and  foot.  Of  course,  it  is  not  known 
whether  this  freelv  movable  embolus,  although  found  at  autopsy 
in  the  left  external  iliac,  might  not  have  lodged  at  or  above  the 
bifurcation,  interfering  there  with  the  collateral  circulation  to 
the  right  leg  (e.  g..  through  the  lower  lumbar  arteries)  and  the 
direct  circulation  to  the  left  leg.  It  is  assumed  that  the  obstruc- 
tion in  the  risrht  common  iliac  was  total  before  this  time.  If  a 
small  amount  of  blood  was  getting  past  this  obstruction,  the  fresh 
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embolus,  lodging  at  the  bifurcation,  would  cut  off  this  supply  and 
lead  to  the  acute  symptoms  which  preceded  death. 

From  the  point  of  view  of  prognosis,  the  blood-flow  measure- 
ments in  such  cases,  although  they  cannot,  of  course,  give  warn- 
ing in  advance  of  fresh  obstructions,  are  capable  of  answering 
the  question  whether,  after  an  obstruction  has  occurred,  the  dimi- 
nution in  the  circulation  is  nearing  the  danger  point  or  whether 
there  is  a  good  margin  of  safety  Successive  measurements  will 
also  give  information  as  to  whether  the  circulation  is  expanding 
satisfactorily  or  the  reverse.  In  the  case  described,  for  example, 
the  measurements  indicated  all  along  that  the  flow  in  the  anterior 
extremity  was  sufficient  for  nutrition  and  was  improving,  whereas 
in  the  posterior  extremity  the  first  blood-flow  observed  was  most 
satisfactory,  and  afterwards  there  was  evident  deterioration. 

Sometimes  the  question  whether  an  obstruction  has  occurred 
miay  be  in  doubt,  and  then  a  blood-flow  measurement  might  help 
to  clear  the  matter  up.  Thus,  in  a  case  of  mitral  stenosis*  in  a 
boy  17  years  of  age,  height  4  feet  10^  inches,  the  question  arose 
whether  certain  symptoms  in  the  left  leg  and  foot  might  not  be 
due  to  embolism.  The  blood-flow  examination  showed,  however, 
that  the  circulation  in  the  left  foot  was  rather  better  than  in  the 
right,  and  the  ratio  of  the  flow  in  the  left  foot  (or  of  the  average 
of  the  two  feet)  to  the  average  flow  in  the  hands  was  within  the 
normal  limits,  indicating  no  such  definite  deficiency  as  must  have 
been  associated  with  embolism.  The  flow  in  the  right  hand  (for 
the  last  12  minutes  in  the  calorimeter)  was  10.56  gm.  per  100  c.c. 
of  part  per  minute,  in  the  left  hand  10.21  gm.  (average  for  the  two 
hands  10.38  gm.),  with  room  temperature  26.8°  C. 

In  the  right  foot  the  flow  (for  the  last  10  minutes  in  the 
calorimeter)  was  2.54  gm.  per  100  c.c.  per  minute,  and  in  the 
left  foot  3.12  gm.  (average  for  the  two  feet  2.83  gm.),  with 
somewhat  lower  room  and  calorimeter  temperature.  The 
flows,  both  in  hands  and  feet,  are  within  the  normal  range,  al- 
though, if  anything,  somewhat  scanty  for  the  age  of  the  patient 
and  the  room  temperature.  Compensation  was  fairly  established 
at  the  time  of  the  examination. 


♦Footnote — I  am  indebted  to  Doctor  Blankenhorn  of  Lakeside  Hos- 
pital for  calling  my  attention  to  this  case.    G.  N.  S. 
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Feet  in  bath  at  2:00  P.  M.,  in  calorimeters  at  2:16,  out  of  calori- 
meters at  2 :49.  2550  cc  water  in  each  calorimeter.  The  day  was  rather 
warm. 


Time 

R 

L 

Room 

Time 

R 

L 

Room 

2:15 

31.47 

31.45 

2:35 

31.52 

31.56 

26.1 

2:17 

31.42 

31.455 

2:37 

31.53 

31.60 

2:19 

31.43 

31.455 

26.2 

2:39 

31.56 

31.64 

26.2 

2:21 

31.435 

31.455 

26.2 

2:41 

31.59 

31.67 

26.2 

2:23 

31.44 

31.46 

26.2 

2:43 

31.61 

31.72 

2:25 

31.45 

31.47 

26.1 

2:45 

31.64 

31.755 

26.3 

2:27 

31.46 

31.48 

2:47 

31.68 

31.79 

262 

2:29 

31.475 

31.50 

26.1 

2:49 

31.71 

31.85 

2:31 

31.49 

31.52 

2:51 

31.69 

31.76 

2:33 

31.50 

31.54 

26.1 

3:06 

31.49 

31.55 

Cooling  of  foot  calorimeters  in  15  minutes,  R.  0.20°,  L.  0.21°  C. 
Pulse  93.  Volume  of  right  foot,  792  c.c,  of  left,  816  cc  Water  equiva- 
lent of  foot  calorimeters  with  contents,  R.  3336,  L.  3354. 

Hands  in  bath  at  3  :04J^  P.  M.,  in  calorimeters  at  3.13>2,  out  of  calor- 
imeters at  3 :26. 


Time 

R 

L 

Room 

Time 

R 

L 

Room 

3:13 

32.10 

32.10 

3:21 

32.38 

32.33 

26.8 

3:14 

32.11 

32.11 

26.8 

3:22 

32.41 

32.36 

3:15 

32.14 

32.14 

3:23 

32.43 

32.39 

3:16 

32.19 

32.17 

26.8 

3:24 

32.47 

32.425 

26.8 

3:17 

3223 

3220 

3.25 

32.50 

32.455 

3:18 

3229 

32.23 

3:26 

32.52 

32.48 

3:19 

32.32 

32.255 

26.7 

3:33 

32.46 

32.42 

3:20 

32.35 

3229 

Cooling  of  hand  calorimeters  in  7  minutes,  0.06°  C.  Volume  of  right 
hand,  321  c.c,  of  left,  306  c.c.  He  is  right-handed.  Water  equivalent  of 
hand  calorimeters  with  contents,  R.  3352,  L.  3340.    Rectal  temperature. 
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Demonstration  in  vitro  of  the  specific  aflinity  of  thyroid  cells  for 

iodin. 

By  David  Mariwe. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine^ 
Western  Reserve  University,  Cleveland.] 

It  is  a  well-known  fact  that  thyroid  tissue  in  vivo  has  a  specific 
affinity  for  iodin.  This  has  been  demonstrated  in  several  ways. 
The  simplest  and  most  obvious  means  is  afforded  by  taking 
advantage  of  the  spontaneous  active  hyperplasia  of  dogs.  Having 
shown  that  the  per  cent,  of  iodin  in  the  gland  varies  inversely 
with  the  degree  of  active  hyperplasia,  we  were  able  to  demonstrate 
that  the  ability  of  the  gland  to  take  up  iodin  varies  with  the 
degree  of  active  hyperplasia  present;  or  if  expressed  from  the 
viewpoint  of  chemistry,  the  ability  of  thyroid  tissue  in  vivo  to 
take  up  iodin  varies  inversely  with  the  degree  of  saturation  of  the 
gland  with  iodin.  Such  relatively  large  proportions  of  a  given 
intake  of  iodin  may  be  stored  by  the  thyroid  (for  example,  the 
recovery  of  4.5  mgm.  I  from  a  7.2  gram  thyroid  lobe  in  a  dog 
weighing  8  kilos  from  a  total  of  50  mgm.  KI  given  by  mouth  in 
ID  days)  in  vivo  that  it  seems  likely  the  surviving  thyroid  cells 
in  vitro  would  exhibit  this  same  affinity,  and  if  so  it  could  readily 
be  demonstrated  by  perfusion. 

We  have  perfused  a  large  series  of  spleens,  kidneys  and  thyroids 
of  dogs,  using  defibrinated  blood  containing  3^  (by  volume)  of 
Ringer's  solution.  Iodin  as  KI  was  added  to  the  perfusion  fluid 
in  amounts  varying  from  5  mgm.  to  40  mgm.  All  perfusions  were 
carried  out  at  temperatures  varying  between  35°  and  37°  C.  All 
the  thyroid  lobes  used  were  goitrous,  varying  histologically  from 
marked  active  hyperplasias  to  colloid  goitres,  and  in  weight  from 
II  to  81  grams.     The  perfusions  were  continued  from  i  to  2  hours, 
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and  the  glands  washed  with  Ringer's  for  20  minutes.  lodin  and 
histological  examinations  were  made  both  on  the  control  and  the 
perfused  glands.  It  was  found  that  relatively  large  amounts  of 
the  KI  were  held  in  the  thyroid  which  could  not  be  washed  out 
by  the  Ringer's  solution,  while  with  the  spleen  and  kidney  none 
was  held.  It  was  also  noted  that  the  amount  of  KI  taken  up  by 
a  thyroid  does  not  depend  on  the  amount  (concentration)  of  KI  in 
the  perfusate.  Relatively  much  less  was  taken  up  when  40  mgm. 
were  added  to  a  75  c.c.  perfusate  than  when  10  mgm.  were  used. 
The  most  interesting  observation  was  that  the  more  marked  the 
hyperplasia  (i.  e.,  the  less  iodin  in  the  gland  originally),  the  more 
iodin  was  taken  up  and  also  the  more  rapidly  it  was  taken  up,  just 
as  in  the  case  of  in  vivo  experiments. 

Thus  grouping  the  glands  according  to  their  anatomical 
structure,  it  was  found  that  from  10  mgm.  KI  the  marked  hyper- 
plasias increased  their  iodin  contents  over  1,000  per  cent.;  the 
moderate  hyperplasias  increased  over  200  per  cent.;  the  colloid 
early  hyperplasias  increased  over  100  per  cent.;  and  the  pure 
colloid  glands  about  20  per  cent.  This  is  shown  more  in  detail 
in  the  following  tabulation : 


Anatomical  Condition  of  Gland. 


No.  of 
Cases. 

Average 
Iodin*  per 
Gm.  Before 
Perfusion. 

Average 
Iodin  per 
Gm.  After 
Perfusion. 

s 

3 
3 
3 

0.07 
0.23 
0.47 
1.03 

0.79 
0.77 

I.I4 
1.23 

Average 

Increase  in 

Iodin  per 

Gm. 


Per  Cent. 

Increase  in 

Iodin. 


Marked  hyperplasia 

Moderate  hyperplasia .... 
Colloid  early  hyperplasia . 
Colloid  glands 


0.72 
0.54 
0.67 
0.20 


1,000  + 

200  + 

100  + 

19  + 


Thyroid  glands  undergo  autolysis  in  a  few  hours  after  removal 
from  the  body  especially  if  kept  around  the  body  temperature- 
This  is  recognized  on  microscopic  examination  by  a  desquamation 
of  the  alveolar  epithelium.  It  was  found  that  all  such  glands  not 
only  fail  to  take  up  iodin  from  the  perfusate,  but  lose  iodin  to  the 
perfusate,  a  finding  that  we  interpret  as  meaning  that  the  dead 
cells  have  lost  the  power  of  storing  iodin,  or  that  the  taking  up 
of  iodin  by  the  thyroid  is  a  property  of  surviving  cells.  Studies  to 
determine  whether  the  iodin  taken  up  is  as  active  pharmaco- 
logically as  the  naturally  iodized  thyroglobulin  have  not  been 

*  Expressed  in  milligrams  per  gram  of  dried  gland. 
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completed.  However,  since  the  amount  of  iodin  taken  up  by  a 
given  perfused  gland  may  be  independent  of  its  concentration  in 
the  perfusate,  and  since  the  amount  taken  up  and  the  rapidity 
of  its  storage  varies  directly  with  the  degree  of  active  hyperplasia, 
and  since  only  anatomically  intact  glands  exhibit  this  character- 
istic, and  since  kidneys  and  spleens  perfused  under  similar  condi- 
tions do  not  take  up  iodin,  we  believe  one  may  conclude  that 
the  surviving  thyroid  cells  in  vitro  exhibit  the  same  specific  bio- 
logical affinity  for  iodin  as  is  manifested  by  the  thyroid  cells  in  vivo. 


Reprinted  from  The  Joirnal  ov  Pharmacology  and  Experimental  Therapeutics 
Vol.  \ai,  No.  5,  December,  1915 


THE  ABSORPTION  OF  POTASSIUM  lODID  BY  PER- 
FUSED THYROID  GLANDS  AND  SOME 
OF  THE  FACTORS  MODIFYING  IT 

DAVID  MARINE  and  H.  O.  FEISS 

From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 

University,  Cleveland 

Received  for  "publication  August  28,  1915 

The  data  included  in  this  report  have  to  deal  with  the  ques- 
tion: Have  the  surviving  thyroid  cells  in  vitro  a  specific  affinity 
for  iodin?  It  is  based  upon  the  conviction  that  there  is  abun- 
dant proof  that  the  thyroid  cells  in  vivo  exhibit  this  specific  affinity 
for  iodin,  and  that  this  biological  characteristic  is  utilized  for  the 
purpose  of  elaborating  a  physiological  secretion  highly  impor- 
tant to  the  host  rather  than  that  it  is  utilized  for  the  purpose  of 
rendering  the  iodin  of  the  body  inert  and  harmless.  A  few  of 
the  more  general  facts  upon  which  this  conviction  is  based  may 
be  referred  to  at  this  time.  Thus,  it  has  been  proved  that  the 
gland  readily  acquires  iodin  from  any  form  and  manner  in  which 
it  has  so  far  been  administered.  The  amount  taken  up  is  rela- 
tively so  great  that  maximum  thyroid  effects  are  produced  by 
exceedingly  small  quantities.  The  quantity  taken  up  and  the 
rapidity  of  storage  have  been  found  to  depend  upon  the  degree 
of  saturation  of  the  thyreoglobulin  existing  at  the  time  of  its 
administration.  That  is,  the  lower  the  original  iodin  content, 
the  more  rapidly  it  is  stored  from  a  given  intake,  or  if  expressed 
in  anatomical  terms,  the  ability  of  the  gland  to  store  iodin  varies 
directly  with  the  degree  of  active  hyperplasia.  No  other  body 
tissue  exhibits  such  characteristics.  There  is  a  fairly  constant 
per  cent  of  iodin  necessary  for  normal  gland  structure  in  mam- 
mals, and  also  a  relatively  constant  maximum  per  cent  for 
mammahan  thyroid  tissue.  As  could  be  inferred  from  the  rela- 
tively constant  maximum  iodin  percentage  and  the  relatively 
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constant  minimum  per  cent  associated  with  normal  gland  struc- 
ture, it  is  found  that  iodin  invariably  involutes  the  physiological 
hyperplasias  of  the  gland  to  their  colloid  or  quiescent  state;  also 
that  it  prevents  this  compensatory  overgrowth  both  in  the  intact 
gland  and  in  the  stumps  of  partially  removed  glands,  which 
otherwise  would  undergo  hyperplasia.  This  action  is  exhibited 
with  amounts  of  iodin  so  small  that  many  observers  are  still 
unable  to  associate  such  quantities  with  any  physiological  action. 
However,  we  have  repeatedly  seen  amounts  as  low  as  ^  mgm. 
of  iodin  administered  by  mouth  at  weekly  intervals  wholly  pre- 
vent thyroid  overgrowth  in  pups,  wljile  other  pups  of  the  same 
litter  living  in  the  same  kennel  developed  well  marked  goitres. 

Oswald  had  shown  that  the  lowered  iodin  content  was  not 
associated  with  any  demonstrable  reduction  in  the  quantity  of 
thyroid  protein  (thyreoglobulin)  with  which  the  iodin  is,  for  the 
most  part,  bound.  All  late  work  has  confirmed  this  observa- 
tion, and  in  addition  established  the  facts  that  the  only  known 
and  highly  specific  physiologic  and  pharmacologic  action  of  thyre- 
oglobulin is  wholly  dependent  upon  its  organically  contained 
iodin,  and  that  artificially  iodinized  albumins  and  globulins 
other  than  the  thyroid  globulin  do  not  possess  this  specific  action. 
With  these  facts  in  mind — all  of  which  strongly  suggest  a  spe- 
cific affinity  of  the  thyroid  cells  in  vivo  for  iodin — it  seemed  likely 
that  certain  of  these  manifestations  could  be  produced  in  vitro, 
and  if  so,  could  be  easily  demonstrated.  The  thyroid  seems 
still  more  favorable  for  such  a  demonstration  when  one  recalls 
that  seemingly  more  difficult  functional  characteristics  of  sur- 
viving cells  of  more  complex  organs,  as  for  example  the  synthesis 
of  hippuric  acid  by  the  kidney,  and  the  production  of  glycogen 
from  dextrose  and  of  urea  from  ammonium  carbonate  by  the 
liver  cells,  have  been  demonstrated  experimentally. 

The  method  of  perfusion  was  chosen  because  of  its  simplicity 
and  because  similar  operations  can  be  carried  out  in  vivo.  In 
all  these  experiments  the  thyroids,  kidneys  and  spleen  of  dogs 
were  used.     Up  to  the  present  33  experiments  have  been  made. 

No  anatomically  normal  glands  were  used,  primarily  because 
of  the  difficulty  of  obtaining  them  in  this  region,  secondly  because 
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of  the  technical  difficulty  of  preparing  and  perfusing  so  small  a 
structure,  and  lastly  because  colloid  glands  (goitres)  have  all 
the  physiological  characteristics  of  normal  glands  and  are  readily 
obtained.  For  studies  in  thyroid  function  one  needs  only  physio- 
logically active  hyperplasias  and  the  physiologically  normal  glands 
free  from  degenerative  changes,  of  which  hemorrhage  and  cyst- 
formation  are  the  most  common. 

The  perfusion  apparatus  used  is  represented  in  the  accom- 
panying diagram  (fig.  1).  It  was  arranged  so  that  it  could  be 
sterilized  in  an  ordinary  autoclave  after  being  set  up  for  an 
experiment.  A  Luer  syringe  of  10  cc.  capacity,  with  an  especially 
wide  nozzle,  was  used  as  a  pump.  Power  was  obtained  from  a 
motor  so  geared  that  the  number  of  pump  strokes  per  minute 
could  be  adjusted  to  any  rate  between  18  and  60.  The  length 
of  stroke  (volume  of  fluid  pumped)  was  also  adjustable  from 
0.1  to  5  cc. 

A  mercury  manometer  was  connected  with  the  arterial  system, 
and  also  served  as  an  elastic  cushion,  since  as  little  rubber  as 
possible  was  used  in  the  various  connections.  In  the  prelimi- 
nary experiments  65  cc.  of  Ringer's  solution  plus  10  cc.  of  erythro- 
cytes was  used,  while  in  all  of  the  experunents  here  reported  50 
cc.  of  defibrinated  blood  and  25  cc.  of  Ringer's  solution  were 
used.  This  was  for  convenience  only.  The  circulatory  system 
from  the  reser\^oir  to  the  organ  box  held  25  cc,  and  as  a  practi- 
cal measure  it  was  found  best  to  use  Ringer's  in  getting  out  the 
air  and  in  testing  the  vessels  for  clots  before  the  blood  was 
introduced  into  the  reservoir. 

Oxygen  was  introduced  into  the  reservoir  at  first  from  above, 
and  allowed  to  rise  through  a  column  of  glass  beads,  through 
which  the  venous  blood  also  had  to  pass  in  the  opposite  direction. 
This  method  of  introducing  oxygen  was  sufficient  to  supply  the 
oxygen  needs  of  the  thyroid,  but  it  was  found  quite  inadequate 
for  organs  requiring  large  amounts  of  oxygen,  Uke  the  kidney 
and  spleen.  Introducing  the  oxygen  from  below  and  allowing 
it  to  bubble  through  the  column  of  blood  in  the  reservoir  relieved 
this  difficulty.  Frothing  was  controlled  by  a  perforated  porce- 
lain disc  placed  in  the  reservoir  well  above  the  level  of  the  blood, 
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and  onto  this  disc  the  venous  blood  from  the  organ  was  allowed 
to  fall. 

The  blood  flow  was  kept  constant  for  all  thyroid  lobes  over 
l-o  grams  in  weight  and  for  all  kidneys  and  spleens — approxi- 
mately 8  cc.  per  minute.  Three  difficulties  common  to  perfu- 
sions may  be  mentioned.     First  is  the  occasional  occurrence  of 


Fig.  1 

/,  Reservoir;  2,  perforated  disc;  3,  outlet  for  blood;  4,  oxygen  tube  entering 
through  outlet;  5,  tubing  to  pump;  6,  pump;  7,  valves;  8,  manometer;  9,  warming 
corl;  10,  shunt  tube;  11,  organ  box;  12,  venous  backflow  to  reservoir. 
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clots  in  the  veins  or  arteries.  The  second  difficulty  is  in  care- 
fully dissecting  and  ligating  all  vessels  save  the  superior  thyroid 
arterj'  and  all  veins  other  than  those  joining  the  internal  jugular 
from  the  th\Toid.  We  were  surprised,  however,  to  find  it  easier 
to  obtain  thjToid  preparations  free  from  leaks  and  with  ade- 
quate veins  (the  th\Toid  is  singular  among  the  organs  in  the  num- 
ber and  great  size  of  its  veins)  than  splenic  or  renal  perfusions. 
Anomalous  arrangements  of  the  thyroid  veins  occasionally  render 
a  lobe  unsuitable  for  perfusion.  The  same  trouble  occasionally 
arises  in  the  case  of  the  spleen  and  kidney. 

Thirdh",  oedema  in  var\dng  degrees  is  present  in  all  cases. 
This  is  most  marked  with  the  kidney  and  spleen  and  least  with 
the  thjToid.  Good  thyroid  preparations  perfuse  readily  at  20 
to  oQ  rmn.  Hg.  pressure  after  the  initial  serum  constriction  of 
the  arteries,  which  usually  passes  off  in  from  6  to  10  minutes. 
During  this  period  the  pressure  may  rise  to  85  or  100  mm.  Hg. 
With  the  low  pressures  one  may  perfuse  the  thjToid  from  2  to  3 
hours  with  less  than  10  per  cent  increase  in  weight.  With  the 
spleen  and  kidney  the  necessary  pressure  is  always  much  higher, 
although  both  show  the  usual  transient  serum  constriction  of 
the  vessels.  In  our  experiments  the  average  pressure  for  the 
kidney  was  80  to  100  mm.,  while  with  the  spleen  it  was  70  to  90 
mm.  The  richer  and  freer  hTnphatic  drainage  of  the  thyroid, 
together  with  the  short  wide  capillary  system  and  consequent 
short  circulation  time,  compensates  for  the  increased  permea 
biUty  of  the  vessels  of  surviving  organs.  Likewise  the  kidne\ 
with  its  very  long  and  narrow  capillary  system  and  the  spleen 
with  its  relatively  long,  pecular  and  iU  understood  capillar}' 
system,  together  with  the  fact  that  all  hinphatics  are  necessarily 
Ugated,  offer  little  or  no  compensation  against  the  endothelial 
injury.  Upon  the  whole,  the  goitrous  thyroid  probabh^  gives  the 
easiest  and  most  satisfactory  perfusion  of  all  the  bodj'  glands. 

In  young  dogs  with  actively  hjTperplastic  glands,  it  is  usual  to 
obtain  perfusions  free  from  signs  of  leaks  even  after  two  hours. 
With  colloid  glands  or  glands  with  thickened  capsules,  slight 
capillary  extravasations  of  blood  into  the  surrounding  Ringer's 
solution  are  frequently  seen.     With  the  kidney  and  spleen,  even 
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though  using  greater  care  than  with  the  thyroid,  we  have  never 
been  able  to  prepare  them  so  that  no  escape  of  blood  took  place 
during  the  perfusions.  Doubtless  the  difference  in  pressure  neces- 
sary for  thyroid  perfusions,  on  the  one  hand,  and  for  kidney  and 
spleen,  on  the  other,  account  in  part  for  this  difficulty. 

Histological  examinations  were  made  both  of  the  perfused  and 
of  the  control  organs,  and  the  groups  have  been  made  as  in  pre- 
vious work  on  the  basis  of  the  histological  condition.  For  con- 
venience, four  arbitrary  thyroid  groups  have  been  made,  viz.: 
(1)  marked  hyperplasia;  (2)  moderate  hyperplasia;  (3)  early 
hyperplasia;  and  (4)  colloid  glands.  The  iodin  determinations 
have  been  brought  into  relationship  with  these  groups. 

Histological  examinations  have  proved  a  reliable  additional 
check  on  the  physiological  condition  of  the  gtand  cells.  Hyper- 
plastic glands  often  undergo  autolysis  within  an  hour  or  two 
after  removal  from  the  body.  This  is  characterized  by  desqua- 
mation of  the  follicular  epithelium,  and,  as  will  be  seen  later,  is 
associated  with  a  loss  of  thyroid  iodin  rather  than  a  gain  in  iodin 
during  perfusion. 

The  thyroids,  spleens  and  kidneys  were  carefully  dissected 
and  placed  in  Ringer's  solution  in  the  ice  box.  Perfusions  were 
usually  conducted  for  about  one  hour — the  shortest  being  38 
minutes  and  the  longest  5  hours  and  30  minutes.  Potassium 
iodid  was  the  only  form  of  iodin  used.  This  salt  was  used  in 
amounts  varying  from  5  to  32  mgm.  in  a  total  perfusate  of  75 
cc.  Following  the  perfusion  the  gland  was  washed  with  warmed 
Ringer's  until  the  fluid  came  away  clear.  This  usually  required 
from  500  to  1000  cc,  depending  somewhat  on  the  size  of  the  gland 
and  its  histological  condition.  The  same  technique  was  carried 
out  with  the  kidney  and  spleen  perfusions. 

The  following  protocol  is  introduced  to  illustrate  the  method 
and  data  obtained. 

Experiment  11,  November  5,  1914.  Bull-terrier;  female;  weight,  14.6 
kg. 

9.50.     Etherized,  bled,  defibrinated. 

10.30.  Right  lobe  of  thyroid  removed;  weight  16.5  grams.  In 
Ringer's  in  ice  box. 
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10.45.  Spleen  removed;  weight,  116.0  grams.  In  Ringer's  in  ice 
box. 

11.00.  Left  kidney  removed;  weight,  66.0  grams.  In  Ringer's  in 
ice  box. 

Left  thyroid  removed;  weight,  16.0  grams.     In  Ringer's  in  ice  box. 

11.20.  Perfusion  of  right  thyroid  started.  50  cc.  defibrinated  blood 
+  25  cc.  Ringer's  +  5  mgm.  KI. 

11.23.  Pulse,  22;  drops  per  minute,  134;  pressure,  72.5;  tempera- 
ture, 35. 

11.30.  Pulse,  22;  drops  per  minute,  134;  pressure,  55;  tempera- 
ture, 36. 

12.00.  Pulse,  22;  drops  per  minute,  135;  pressure,  50;  tempera- 
ture, 37. 

12.20.  Perfusion  stopped.  Weight  of  lobe  =  20  grams.  Washed 
with  570  cc.  Ringer's.  Spec,  for  iodin  and  histology;  gland,  organ  box 
fluid  and  total  fluids. 

Left  thyroid  not  perfused. 
2.10.     Perfusion  of  left  kidney  using  25  cc.  Ringer's  +  50  cc.  de- 
fibrinated blood  +  5  mgm.  KI. 

2.15.     Pressure  =  92  mm.;  pulse,  22;  drops,  106. 

2.25.     Pressure  =  85  mm.;  pulse,  22;  drops,  110;  temperature  36. 

3.00.    Pressure  =  85  mm.;  pulse,  22;  drops,  110. 

3.10.  Perfusion  stopped.  Weight  of  kidney  98  gm.  Washed  with 
Ringer's.  Spec,  for- iodin  and  histology;  gland,  organ  box  fluid  and 
total  fluids. 

4.05.  Perfusion  of  spleen  using  25  cc.  Ringer's  +  50  cc.  defibrinated 
blood  +  5  mgm.  KI. 

4.07.     Pulse,  22;  drops,  78;  pressure,  90;  temperature,  34.5. 

4.20.     Pulse,  22;  drops,  89;  pressure,  76. 

5.05.  Perfusion  stopped.  Weight  of  spleen,  162  grams.  Washed 
and  spec,  for  iodin  and  histology. 

Histology.  Th>Toid,  coUoid — early  hyperplasia.  Structure  well  pre- 
served.    Kidney,  oedematous.     Spleen,  highly  oedematous. 

Iodin.     Right  thyroid  (perfused)       =  1.38  mgm.  per  gram,  dried. 
Left  thyroid  (not  perfused)  =  0.54  mgm.  per  gram  dried. 
Kidney  (not  perfused)  =  0.00  mgm.  per  gram  dried. 

Spleen  (perfused)  =  0.03  mgm.  per  gram  dried. 

This  is  the  average  protocol  and  shows  the  great  difference 
between  the  thyroid,  on  one  hand,  and  the  spleen  and  kidney, 
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on  the  other,  as  regards  the  amount  of  KI  absorbed  when  ex- 
posed to  the  same  amounts  for  the  same  interval  of  time.  These 
data  for  all  the  experiments  of  this  type  are  collected  in  the 
following  table. 


TABLE  I 


(a)   Thyroid  perfusions 

HISTOLOGICAL 
COND.TION 

NO  or 

PERFU- 
S.ONS 

lODIN  CONTENT 

per  gm.  in  vgm. 
Control  lobe 

lOD'N  CONTEXT 
PER  GM.  IN  MG.M. 
PERFUSED  LOBE 

-So 

W  B  S 
>  o  O 

pa 

Cm 

Marked  hyper- 
plasias  

6 

E. 
0.00 

0.09 

M. 
0.08 

Av. 
0.07 

E. 

0.22 

1.31 

M. 
0.85 

Av. 
0.59 

0.52 

743 

Moderate  hyper- 
plasias  ■ 

4 

0.01 
0.38 

0.10 

0.15 

0.11 
1.46 

0.54 

0.66 

0.51 

340 

Colloid — early  hy- 
perplasias  • 

3 

0.33 
0.55 

0.54 

0.47 
1.38 

0.73 

1.11 

1.14 

0.67 

143 

Colloid  glands \ 

3 

0.77 
1.54 

0.78 

1.03 

0.86 
1.85 

0.94 

■ 

1.22 

0.19 

18 

(b)  Kidney  perfusions 


17 

0.00 

0.00 
0  09 

0.01 

0.03 

0.03 

(c)  Spleen  perfusions 


8 

0.00 

0.00 

0.08 

0.03 

0.03 

0.03 

In  the  above  table  the  thyroid  experiments  have  been  grouped 
according  to  their  histological  structure,  and  for  comparison  the 
results  of  the  kidney  and  spleen  perfusions  have  been  added. 

It  will  be  noted  that  the  thyroid  takes  up  KI  very  rapidly, 
while  the  spleen  and  kidney  do  so,  if  at  all,  only  to  a  slight 
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degree.  We  are  inclined  to  think  the  presence  of  iodin  in  any 
specimen  of  kidnej'  or  spleen  indicates  either  incomplete  wash- 
ing or  death  of  the  cells.  The  iodin  taken  up  by  the  thyroid 
cannot  be  washed  out  by  prolonged  washing  provided  the  gland 
is  surviving.  The  average  amount  of  KI  taken  up  is  nearly  the 
same  in  the  three  degrees  of  active  hyperplasia,  while  the  per- 
centage increase  obviously  varies  with  the  degree  of  hyperplasia. 
The  colloid  glands  or  those  nearly  saturated  with  iodin  take  up 
very  little.  Xo  completelj^  saturated  glands  were  used.  There 
is  a  suggestion  that  the  ability  of  the  gland  to  absorb  KI  varies 
with  the  degree  of  hyperplasia  and  inversely  with  the  iodin 
content.  The  differences  are  too  slight  to  indicate  any  bio- 
logical significance  or  even  that  the  whole  process  may  not  be 
physical.  On  careful  analysis,  however,  these  experiments  sug- 
gest that  other  factors  are  intimately  concerned,  and  it  has  seemed 
best  to  present  this  analysis  under  the  following  groups : 

1.  Relation  of  other  organs  to  the  absorption  of  KI. 

2.  Relation  of  dying  and  surviving  thyroid  cells  to  the  absorp- 
tion of  KI. 

3.  Effect  of  varying  the  concentration  of  KI. 

4.  Effect  of  KCX  on  the  power  of  the  thyroid  ceUs  to  take  up 
KI. 

5.  Attempt  to  wash  out  the  iodin  in  glands  in  which  the  iodin 
content  has  been  raised  by  the  administration  of  iodin  for  a 
period  of  two  weeks. 

6.  Effect  of  in  vivo  perfusions. 

7.  Is  the  iodin  of  either  the  in  vivo  or  in  vitro  perfusions  pharma- 
cologically active? 

1.  Effect  of  perfusion  of  other  organs.  Only  the  kidney  and 
spleen  have  been  used.  Normally  in  these  organs  one  never 
finds  a  trace  of  iodin.  As  shown  in  Table  I  above,  the  kidney 
and  spleen  after  perfusion  contain  only  traces,  the  extremes 
for  the  kidney  being  0.00  and  0.09  mgm.,  with  a  mean  of  0.01 
mgm.  and  an  average  of  0.03.  The  spleen  perfusions  were  simi- 
lar. As  nearly  one  half  showed  no  detectable  iodin  after  wash- 
ing, and  in  three  instances  unwashed  spleens  and  kidneys  showed 
a  minimum  of  0,03  mgm,  and  a  maxmum  of  0.08,  we  are  inclined 
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to  consider  the  small  amounts  retained  as  extracellular — either 
in  the  vessels,  lymphatics  or  renal  tubules.  Certainly  one  can 
state  that  the  kidney  and  spleen  effects  are  in  no  way  similar 
to  those  of  the  thyroid. 

2.  Relation  of  dying  and  surviving  thyroid  cells  to  the  absorption 
of  KI.  As  indices  of  dying  and  surviving  cells  we  have  used  the 
oxygen  consumption  and  the  histological  condition  of  the  glands. 
Both  give  valuable  information,  and,  so  far  as  our  observations 
have  gone,  only  those  glands  which  were  histologically  intact 
maintain  their  oxygen  consuming  capacity.  All  the  oxygen  de- 
terminations were  made  with  the  old  Barcroft  method  (5)  and 
were  comparisons  of  the  arterial  and  venous  bloods.  The  thyroid 
consumes  very  little  oxygen  per  gram  as  compared  with  the 
spleen,  and  the  kidney  has  a  very  high  oxygen  consumption,  as 
noted  by  Barcroft. 

It  was  found  that  the  actively  hyperplastic  glands  consumed 
more  oxygen  than  the  colloid  glands.  This  was  anticipated  and 
is  additional  physiological  proof  that  the  hyperplastic  gland  is 
physiologically  more  active  than  the  colloid  gland.  The  fact, 
therefore,  that  the  enormous  blood  supply  of  the  thyroid  has 
little  to  do  with  the  oxygen  needs  of  the  gland  is  a.  matter  of 
the  greatest  interest  and  is  a  point  worthy  of  studying,  since 
the  thyroid  has  so  many  features  in  common  with  the  lung — 
embryological,  anatomical  and  physiological. 

The  most  prominent  histological  feature  of  thyroid  death  is 
the  desquamation  of  the  alveolar  epithelium.  This  histological 
change  is  given  great  prominence  in  most  studies  in  pathological 
anatomy,  and  many  speculations  as  to  its  significance  (e.  g., 
trauma,  toxicity,  hyperactivity,  etc.)  have  been  offered.  Our 
experience  leads  us  to  reject  all  explanations  other  than  that 
it  is  an  index  of  cell  death  and  autolysis.  Under  favorable  condi- 
tions of  asphyxia  and  temperature,  epithelial  desquamation  may 
set  in  an  hour  after  removal  from  the  living  dog. 

The  relation  of  KI  absorption  to  cell  death  is  shown  in  the 
following  table. 

In  those  cases  with  marked  autolysis  there  was  always  a  loss 
of  iodin,  although  in  all  cases  at  least  5  mgm.  and  in  one  case 
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(a)  Thyroid  perfusions  with  marked  autolysis 


HISTOLOGICAL 
CONDITION 

XO.  OF 

i'erfxj- 

8ION-8 

lODIK  CONTENT 

PER  GM.  IN  HjU. 

CONTROL  LOBE 

lODIN  CONTENT 
PER  GM.  IN  M3M. 
PERFCSED  LOBE 

i2i 

a  «      S 

<!  2  "  * 
^  U  O   3 

§2 

oo 
a  ■?  •< 

DBS 

a  K  « 
a  u  a 

Marked  hyper- 
plasias  

2 

E. 
0.00 

0.20 

M. 

Av. 

0.10 

E. 
0.00 

0.14 

M. 

Av. 
0.07 

-0.03 

-30 

Colloid — early  hy-  \ 
perplasia J 

1 

0.38 

0.25 

-0.13 

-34 

Colloid  glands 

1 

0.98 

0.54 

0.44 

-45 

(6)  Thyroid  perfusion 

s  with 

slight 

autoly. 

'is 

Marked  hyper-        \ 
plasia / 

1 

0.08 

0.22 

-1-0.14 

+  175 

Colloid — early  hy-1 
plasia j 

1 

0  25 

0.40 

-1-0.15 

+60 

20  mgm.  KI  were  added  to  the  perfusate.  In  the  two  cases 
with  mild  epithelial  desquamation,  there  was  a  slight  gain  re- 
corded, but  only  about  one-fourth  that  observed  in  the  corre- 
sponding grades  of  hyperplasia  with  intact  glands.  It  seems 
certain  from  these  observations  that  the  djdng  thyroid  cells  no 
longer  exhibit  the  power  of  taking  up  and  holding  KI,  or,  in 
other  words,  our  experiments  indicate  that  the  phenomena  of 
absorption  and  retention  of  KI  are  characteristics  of  the  living 
cells  as  judged  by  the  O2  consumption  and  the  histological 
structure. 

3.  Effect  of  varying  the  concentration  of  KI  in  the  perfusate. 
The  data  are  given  in  the  following  table  arranged  according  to 
anatomical  structure  and  KI  concentration. 

From  these  figures  it  would  appear  that  the  absorption  of  KI 
is  independent  of  the  concentration.  The  lowest  amount  used 
was  5  mgm.  and  the  highest  32  mgm.  in  a  constant  quantity  of 
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TABLE  III 


(a)  Marked  hyperplasia 


10. 
29. 
22. 

8. 

5. 
33. 


lODIN  CONTENT 
PEHGM.  IN  .MGM. 
CONTROL  LOBE 


0.08 
0.09 
0.08 
0.08 
0.00 
0.08 


lODIN  CONTENT 
PER  GM.  IN  M  .M. 
PER--USED   LOBE 


0.97 
0.62 
0.22 
0.85 
1.31 
0.54 


AMOUNT 
KI  USED 
IX   MGM. 


5.0 
10.0 
10.0 
12.0 
17.0 
20.0 


INCREASE  IN 
lODIN 


0.89 
0.53 
0.14 
0.77 
1.31 
0.46 


PERCENTAGE 

INCREASE   IN 

lODIN 


1100+ 
580+ 
175+ 
960+ 

575+ 


(b)  Moderate  hyperplasia 

27 

0.05 
0.38 
0.15 
0.01 

0.46 
1.46 
0.62 
0.11 

10.0 
15.0 
20.0 
32.0 

0.41 
1.08 
0.47 
0.10 

820+ 

7 

280+ 

13 

310+ 

4 

1000+ 

(c)  Colloid-early  hyperplasia 


11 

0.54 
0.33 
0.55 

1.38 
0.93 
1.11 

5.0 
10.0 
11.0 

0.84 
0.60 
0.56 

160- 

12 

9 

180+ 
100+ 

(d)  Colloid  glands 


24 

0.77 
1.54 

0.78 

0.94 
1.85 
0.86 

10.0 
10.0 
10.0 

0.17 
0.31 
0.08 

20+ 

26 

20- 

30 

10+ 

perfusing  fluid — 75  cc.  There  was  no  histological  evidence  of 
autolysis  in  any  of  these  experiments,  and  all  glands  were  actively 
consuming  oxygen.  No  explanation  is  offered  for  the  wide  differ- 
ences in  the  amount  of  KI  absorbed,  which  we  believe  are  greater 
than  could  be  accounted  for  on  the  basis  of  anatomical  differ- 
ences in  the  glands  or  of  age  and  sex. 

4.  Effect  of  KCN  on  the  amount  of  KI  absorbed.  Only  two  ex- 
periments have  been  made  because  of  the  necessity  of  having 
dogs  with  large  accessory  thyroids  which  could  be  utilized  as 
controls  for  the  lobe  perfusions.  A  tabulation  of  these  two 
experiments  follows: 
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TABLE  IV 


THYROID   LOBE 

HISrOI  03ICA'. 
CONDITION 

AMOUNT     KI 
ADDED     IN 
MOM. 

AMOUNT 

KCN 

ADDED     ■ 
IN  UGM. 

lODIN 
CONTENT 
PER  GM. 
IN  MGM. 

BUKATION  OF 
PEBFU810X 

PER  CENT 
O.VIN 

Exp.  No.  32 
Accessory  lobe.. . . 

llight  lobe 

Left  lobe 

Marked  hy- 
perplasia .  . . 

Marked  hy- 
perplasia .  . . 

Marked  hy- 
perplasia .  . . 

10.0 

10.0 

100.00 
0.00 

0.09 

0.11 
0.42 

1  hr.  3  min. 
1  hr.  3  min. 

20 

360+ 

Exp.  Xo.  33 
Accessory  thyroid . 

Right  lobe 

Left  lobe 

Marked  hy- 
perplasia .  . . 

Marked  hy- 
perplasia .  . . 

Marked  hy- 
perplasia .  . . 

20.0 
20.0 

50.0 
0.0 

0.08 
0.08 
0.54 

Ihr. 
1  hr. 

0.0 

575  0 

In  these  experiments  the  effect  of  KCN  in  inhibiting  tlie  ab- 
sorption of  KI  is  striking.  In  each  case  the  iodin  content  of  the 
control  and  of  the  lobe  treated  with  KCN  are  practically  the 
same,  while  the  lobes  not  treated  with  KCN  gained  360  and  575 
per  cent  respectively.  In  one  experiment  10  mgm.  KI  was  used 
in  the  perfusate  of  each  lobe,  while  in  the  other  20  mgm.  was 
used.  The  amounts  of  KCN  used,  100  and  50  mgm.,  are  doubt- 
less far  in  excess  of  that  necessary  to  induce  the  effect,  and  the 
result  may  therefore  be  merely  that  of  dead  cells.  They  are 
suggestive  that  KCN  is  able  to  inhibit  the  cell  activity  con- 
cerned in  taking  up  KI,  and  it  may  be  another  example  of  the 
well  known  action  of  KCN  in  inhibiting  cell  activities  in  general. 
Up  to  the  present  no  opportunity  has  offered  of  trying  to  wash 
out  the  KCN  and  to  ascertain  whether  such  glands  are  again 
capable  of  taking  up  KI — a  fact  well  known  in  the  case  of  de- 
veloping eggs  (1). 

5.  Attempts  to  wash  out  the  iodin  of  glands  whose  iodin  conte7its 
had  been  raised  by  its  oral  administration  for  two  weeks. 

It  is  known  that  iodin  is  excreted  slowly  from  the  thyroid 
normally,  and  under  certain  conditions  (developing  goitre)  may 
disappear  more  rapidly.     It  therefore  seemed  plausible  to  at- 
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tempt  to  wash  out  some  of  it  by  perfusion,  and  that  by  using 
glands  with  high  iodin  contents  one  would  be  more  likely  to 
recognize  its  presence  in  the  perfusate,  as  well  as  a  decrease  of 
iodin  in  the  glands. 

It  is  necessary  to  separate  sharply  those  glands  where  the 
structure  was  preserved  and  those  which  after  perfusion  showed 
autolysis  and  desquamation  of  the  alveolar  epithelium,  since, 
as  stated  above,  all  glands  which  showed  well  marked  autolysis 
showed  a  loss  of  iodin  whether  perfused  with  or  without  the 
addition  of  KI. 

The  experiments  in  which  at  least  one  lobe  showed  preserva- 
tion of  histological  structure  are  given  in  the  following  tabulation : 


TABLE  V 


"Wash  out"  experiments 


H  "  0 
go  K 

i!  a  S 
mo  o 

5      a 

TOTAL 

TOTAL 

KJCP. 

WEIGHT 

t>  J 

o  a  s. 

IODIN 

DURATION  OF 

HISTOLOGICAL 

IODIN 

NO. 

IN    OMS. 

Sis 

O     CU     H 

IN 
LOBE 

PERFUSION 

CONDITION 

IN 
MGM. 

21 

Right 

36.5 

1.09 

10.46 

1  hr.  25  min. 

Perfect 
preser- 
vation 

0.30 

Left 

28.0 

0.85 

5.32 

1  hr.  15  min. 

Moderate 
autolysis 

5.12 

23 

Accessory . 

0.76 

Right 

22.8 

0.98 

7.54 

1  hr.  38  min. 

Perfect 
preser- 
vation 

0.52 

Left 

25.2 

• 

0.54 

2.99 

1  hr.  38  min. 

Marked 
autolysis 

4.32 

25 

Right  

19.5 

1.54 

7.70 

1  hr.  2  min. 

Perfect 
preser- 
vation 

0.25 

Left 

28.5 

1.52 

11.37 

1  hr.  2  min. 

Perfect 
preser- 
vation 

0.71 

28 

Right 

81.0 

0.62 

13.06 

Left 

84.0 

0.69 

15.87 

1  hr.  22  min. 

Perfect 
preser- 
vation 

Trace 
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In  all  cases  there  was  a  loss  of  iodin — lowest  in  those  whose 
histological  structure  was  well  preserved  and  highest  in  those 
showing  the  most  marked  autolysis.  While  such  experiments 
are  not  conclusive,  they  suggest  that  even  in  survi\'ing  glands  it 
is  possible  to  wash  out  a  small  percentage  of  the  total  iodin,  and 
that  as  death  of  the  cells  takes  place,  the  loss  is  greatly  increased. 
Under  these  experimental  conditions  the  loss  is  entirely  through 
the  blood  stream.  If  these  experiments  are  in  any  sense  com- 
parable to  what  happens  in  life,  it  would  indicate  that  the  iodin 
is  given  ofif  to  the  blood  rather  than  to  the  lymph  stream.  Nor- 
mally the  excretion  of  iodin  in  one  form  and  the  taking  up  of 
iodin  in  another  probably  go  on  simultaneously,  and  both  are 
under  some  physiological  control.  There  are  many  reasons  for 
supposing  that  this  control  is  exercised  through  the  blood  stream 
du-ectly  (2). 

6.  Are  the  results  of  in  vitro  perfusions  similar  to  in  vivo  per- 
fusions? It  is  well  known,  and  we  have  also  many  times  men- 
tioned the  fact,  that  iodin  is  taken  up  by  the  thyroid  in  vivo 
with  great  rapidity  from  any  form  or  mode  of  its  administration 
thus  far  tested,  but  up  to  the  present  no  attempt  at  what  might 
be  called  an  in  vivo  perfusion  has  been  made. 

The  experiments  were  carried  out  as  follows:  One  thyroid 
lobe  was  removed  as  a  control.  Both  kidneys  were  ligated  and 
50  mgm.  KI  injected  into  a  vein.  After  the  proper  inter\'al  of 
time  the  dogs  were  sacrificed  and  the  remaining  lobe  dissected 
out  and  washed  with  Ringer's.  Up  to  the  present  but  two  in 
vivo  perfusions  of  one  hour's  duration  (to  compare  with  the  in 
vitro  perfusions)  have  been  made. 

They  may  be  tabulated  as  in  Table  VI. 

These  results  are  approximately  the  same  as  regards  the  amount 
of  KI  taken  up  in  1  hour  as  those  obtaineci  with  the  in  vitro 
experiments.  The  spleens  and  livers  were  not  w^ashed,  and  are 
therefore  higher  in  iodin  than  the  in  vitro  perfusions.  These 
results  bear  out  the  many  published  reports  of  the  distribution 
of  iodin  in  animal  tissues  made  24,  48,  72,  etc.,  hours  after 
injection,  viz.:  that  even  in  one  hour  the  thyroid  exhibits  its 
striking  selective  activity  for  iodin.     One  may  conclude,  there- 
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TABLE  VI 

Hisa-o- 

LOGICA'    CON- 
DITIO >J  Of 
LOBES 

TODIK 
CONTENT 
CONTROL 

LOBE 
IN  MGM. 
PER  GM. 

lODIN 
CONTENT 
PERFUSED 

LOBE 
IN  MOM. 
PER  GM. 

lODIN 
CONTENT 
SPLEE.V 
IN  MGM. 

lODIN 
CONTENT 

LIVER 
IN  MGM. 

TOTAL  KI 
INTRO- 
DUCED 
INTO 

VEIN 

DURATION 
OF  PER- 
FUSION 

TOTAL 
INCREASE 
IN  IODINE 

IN  MGM. 

FEB  QM. 

PER- 
CENTAGE 
INCBEA6B 

Moderate 
hyper- 

plasia. 

0.32 

0.77 

0.06 

0.03 

50.0 

Ihr. 

0.45 

140 

Marked 

hyper- 

plasia .  . 

0.12 

0.48 

0.06 

0.03 

50.0 

Ihr. 

0.36 

300 

fore  that  there  is  no  difference  between  in  vivo  and  in  viiro  per- 
fusions of  one  hour's  duration  as  regards  the  thyroid's  affinity 
for  KI,  and  these  results  by  deduction' add  further  evidence  of 
the  survival  of  the  thyroid  in  the  in  vitro  perfusions. 

7.  Is  the  iodin  deposited  in  the  thyroid  either  by  in  vivo  or  by  in 
vitro  perfusions  of  one  hour's  duration  pharmacologically  active? 

This  seemed  to  us  a  most  important  question.  It  is  univer- 
sally accepted  that  the  activity  of  the  thyroid  depends  on  its 
iodin  content,  and  we  have  many  times  demonstrated  this  by 
obtaining  frOm  the  same  animal  several  specimens  of  'thyroid 
during  a  course  of  feeding  iodin  and  found  that,  as  the  iodin 
content  rose,  the  gland  showed  a  corresponding  rise  in  its  pharma- 
cological activity.  So  far  as  we  have  been  able  to  ascertain,  no 
tests  of  the  pharmacological  activity  have  been  made  with  thy- 
roid which  has  been  exposed  to  iodin  for  less  than  four  days, 
and  in  that  time  the  iodin  or  at  least  a  part  of  it  has  become 
active.  In  this  report  we  will  record  our  tests  for  the  pharma- 
cological activity  of  thyroid  perfused  for  one  hour  both  in  vivo 
and  in  vitro,  using  the  very  sensitive  test  of  Gudernatsch  (3), 
viz.,  the  effect  on  tadpoles. 

The  experiments  were  carried  out  as  follows:  Groups  of  5 
tadpoles  were  placed  in  agate-ware  dishes  and  fed  with  50  mgm. 
of  the  powdered  thyroid  every  other  day  and  fresh  sheep  liver 
was  given  for  two-hour  periods  on  alternate  days.  The  perfused 
and  control  lobes  of  seven  experiments,  including  the  two  in 
irivo  per  perfusions,  were  used.     The  experiments  were  begun 
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on  May  18,  1915,  and  terminated  on  June  29.  The  water  (tap 
water)  was  changed  twice  daily. 

To  OUT  surprise  no  difference  was  noticed  between  the  control 
and  the  perfused  thyroids  of  the  same  animal  whether  in  vivo 
or  in  vitro  experiments.  There  were  the  usual  differences  in 
activity  among  the  several  experiments  depending  on  their  origi- 
nal iodin  content  as  first  noted  by  Lenhart  (4).  The  iodin  ac- 
quired by  perfusion  in  one  hour,  whether  in  vivo  or  in  vitro,  is 
wholly  inactive  and  the  results  are  comparable  to  Lenhart's 
results,  with  KI  alone  or  KI  added  to  thyroid  or  to  artificially 
iodized  proteins.  It  is  the  specific  combination  of  iodin  in  the 
thyreoglobulin  (probably  in  the  aromatic  nucleus  of  an  amino 
acid)  which  gives  thyroid  its  specific  pharmacological  activity. 

But  as  stated  above,  thyroids  which  have  been  exposed  to 
KI  in  vivo  for  three  to  four  days  show  a  marked  increase  in 
acti\dty  proportional  to  the  iodin  increase.  Clearlj^  then,  we 
have  evidence  that  the  elaboration  of  this  iodoth>Teoglobulin 
requires  a  considerable  inters'^al  of  time,  and  also  that  its  elabora- 
tion is  probably  a  highly  complex  and  specific  chemical  activity 
of  the  thyroid. 

We  do  not  know  as  yet  whether  the  thyroid  alone  is  capable 
of  carrying  out  the  complete  reaction  when  given  a  salt  of  iodin, 
as  KI,  but  it  would  seem  that  further  work  might  not  only 
answer  this  question,  but  indicate  as  well  the  length  of  time 
required  for  its  elaboration  as  shown  by  definite  increase  in  its 
specific  activity  on  tadpoles. 

In  some  work  Dr.  Graham  has  carried  out  in  this  Laboratory 
he  noticed  in  a  large  series  of  human  thyroids  certain  specimens 
whose  pharmacological  activity  in  tadpoles  was  less  than  it  ought 
to  have  been  on  the  basis  of  the  iodin  contents.  At  the  time  we 
had  no  explanation  to  offer,  but  in  the  fight  of  the  results  with 
the  perfused  thjToids  it  seems  probable  that  these  human  thy- 
roid preparations  contained  iodin  in  excess  of  that  specifically 
bound  to  the  thyroid  protein. 
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SUMMARY 

Goitrous  thyroids  of  dogs  are  perhaps  the  most  easily  perfused 
of  all  organs  under  conditions  at  all  physiological.  The  method 
of  perfusion  was  primarily  utilized  to  ascertain  whether  salts  of 
iodin  were  held  in  the  surviving  gland  in  quantities  far  greater 
than  in  other  surviving  tissues  similarly  treated,  and  if  this  was 
true,  whether  one  could  not  partially  involute  actively  hyper- 
plastic glands  in  vitro  as  we  know  invariably  happens  in  vivo — 
the  changes  in  the  living  animal's  thyroid  being  recognizable  in 
from  36  to  48  hours.  We  have  demonstrated  the  former,  but  the 
latter  involves  the  grave  difficulties  of  maintaining  nutrition  and 
of  getting  rid  of  products  of  metabolism.  The  technical  and 
aseptic  problems  are  readily  overcome.  We  have  little  doubt 
that  eventually  it  will  be  possible  to  partially  involute  an  actively 
hyperplastic  gland  by  some  such  method. 

The  question  of  the  absorption  of  other  salts  than  iodin  as 
for  example  bromides,  arsenic,  etc.,  has  not  been  investigated. 
It  is  well  known  that  following  the  administration  of  bromides 
the  thyroid  retains  a  part  temporarily,  but  it  produces  none  of 
the  effects  or  activities  of  iodin. 

These  experiments  have  also  given  an  indication  that  the 
elaboration  of  iodothyreoglobulin  is  a  slow  and  probably  com- 
plex process,  and  it  is  hoped  that  further  study  will  lead  to  a 
definite  conception  of  the  minimum  interval  of  time  required  for 
its  production.  Such  knowledge  for  the  iodin  protein  combina- 
tion might  be  applicable  to  other  protein  compounds  with  inor- 
ganic substances  whose  chemical  nature  and  function  are  little 
understood. 

It  was  early  recognized  that  the  thyroid  alone  might  not  be 
able  to  transform  KI  into  iodothyreoglobulin.  This  also  is  a 
subject  for  investigation. 

The  fact  that  it  is  possible  to  wash  out  very  small  amounts  of 
the  stored  iodothyreoglobulin  from  surviving  glands  and  very 
large  amounts  from  dying  glands  is  of  interest  in  connection 
with  the  old  controversy  whether  the  thyroid  secretion  passes  out 
through  the  lymphatics  or  blood  vessels.  With  the  technique 
we  have  used  it  was  possible  to  separate  the  products  of  lym- 
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phatic  drainage  from  those  of  the  blood,  because  the  thyroid 
was  placed  in  a  glass  box  j&Ued  with  Ringer's  solution  and  with- 
out any  connection  with  the  blood  except  for  the  accidental 
leaks.  Several  of  these  perfusions  have  gone  for  two  hours  with 
out  the  escape  of  any  blood  into  the  organ  box,  although  many 
torn  lymphatic  trunks  opened  directly  into  the  box.  In  the  wash- 
out experiments  no  iodin  was  detected  in  the  ''organ  box  fluid" 
in  those  glands  free  from  leaks  and  surviving.  This  evidence 
favors  the  view  that  the  iodothyreoglobulin  is  given  up  directly 
to  the  blood  stream. 

CONCLUSIONS 

1.  Artificially  perfused  thyroids  take  up  and  retain  KI  to  the 
same  extent  that  in  vivo  perfused  thyroids  do. 

2.  This  characteristic  is  not  shared  by  the  liver,  kidney,  spleen 
or  muscle. 

3.  The  amount  of  KI  retained  is  independent  of  its  concentra- 
tion in  the  perfusion  fluid. 

4.  Only  surviving  glands  exhibit  the  ability  of  taking  upj  KI. 

5.  KCN  inhibits  this  activity  of  the  thyroid. 

6.  It  is  possible  to  wash  out  with  defibrinated  blood  a  very 
small  amount  of  the  iodothyreoglobulin  in  an  hour's  perfusion 
even  in  intact  glands  rich  in  iodothyreoglobulin. 

7.  Autolyzing  glands  do  not  take  up  KI,  and  rapidly  give  up 
their  stored  iodin  to  the  perfusate. 

8.  The  KI  stored  in  a  thyroid  gland  form  one  hour's  perfusion, 
whether  in  vivo  or  in  vitro,  is  pharmacologically  inactive. 
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QUANTITATIVE  STUDIES  ON  THE  IN  VIVO  ABSORPTION 
OF  IODINE  BY  DOGS'  THYROID  GLANDS. 

By  DAVID  MARINE. 

{From  the  H.  K.  CushiJig  Laboratory  of  Experimental  Medicine,  Western 
Reserve  University,  Cleveland.) 

(Received  for  publication,  August  26,  1915.) 

It  is  common  knowledge  that  iodins  is  taken  up  by  the  thyroid 
very  rapidty  when  administered  in  any  form  and  by  any  method. 
It  is  also  known  that  the  amounts  taken  up  from  a  given  intake 
vary  with  the  size  of  the  gland  and  the  existing  degree  of  hyper- 
plasia. These  are  statements  of  fact  to  the  best  o'  our  knowl- 
edge, but  they  are  also  vague  generalizations  and  on  that  account 
neither  satisfying  nor  convincing.  It  is  for  these  reasons  that 
criticisms  and  doubts  have  been  expressed,  and  it  is  for  the  pur- 
pose of  supplying  definite  figures  that  the  following  experiments, 
though  somewhat  old,  are  reported. 

The  plan  of  the  experiments  was  as  follows:  With  the  usual 
aseptic  precautions  one  lobe  w"as  removed,  cleaned,  and  weighed. 
A  weighed  portion  was  kept  for  histological  examination,  and  the 
remainder  dried  at  70°  for  the  determination  of  its  iodine  content. 
50  mg.  of  either  potassium  iodide  or  sodium  iodide  were  given  in 
5  mg.  doses  by  mouth  for  the  following  ten  days;  then,  after  an 
interval  varying  from  five  to  eight  days,  the  remaining  lobe  was 
removed,  cleaned,  drained  of  blood,  and  weighed.  A  weighed 
portion  was  kept  for  histological  examination  and  the  remainder 
dried  for  iodine  determination. 

Six  experiments  have  the  above  mentioned  constant  features, 
and  the  principal  data  are  tabulated  on  the  following  page. 

As  regards  weight  of  the  animals  and  size  of  the  thyroid  lobes, 
there  is  fairly  wide  range  between  minunum  and  maximum. 
So  also  as  regards  sex  and  age  the  data  are  sufficient  to  indicate 
that  no  important  change  is  related  to  these  factors. 

The  histological  condition  of  the  control  lobes  includes  examples 
of  our  three  arbitrary  divisions  of  the  several  degrees  of  hj^jer- 
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plasia.  It  will  be  noted  that  with  the  exception  of  one  (A-285), 
the  second  lobe  was  completely  involuted  to  its  colloid  or  resting 
stage.  This  exception  happens  to  be  the  fifteen  day  or  shortest 
interval  between  the  administration  of  iodine  and  the  removal  of 
the  lobe,  as  well  as  the  largest  thyroid.  As  the  iodine  content 
per  gram  is  much  above  that  at  which  hyperplasia  disappears, 
it  indicates  that  the  interval  of  time  allowed  was  a  little  short  of 
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A289 

5  mos. 

9 

5.0 
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Iodized 

16 

5.1 
6.1 

Marked 

hyperplasia 
Colloid 

0.08 
4.00 

50.0  KI 

0.10 
6.10 

1:980 

16.0 

A274 

Young 
adult 

9.0 

Control 

18 

2.5 
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hyperplasia 

0.15 

50.0  Nal 

0.10 

1:4500 

5.6 

9 

Iodized 

2.0 

Colloid 
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2.48 
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Young 
adult 

7.75 

Control 
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0.32 
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0.76 

1:687 

18.5 

9 

Iodized 

11.28 

Colloid  early 

2.85 

8.54 

A286 

Middle 
aged 

8.7 

Control 

16 

8.0 

Moderate 
hyperplasia 

0.14 

50.0  KI 

0.18 

1:1841 

10.2 

cf 

Iodized 

5.3 

Colloid 

3.07 

4.05 

A287 
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aged 
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Control 

18 
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Early  hyper- 
plasia 

0.52 

50.0  KI 

0.27 

1:5000 

7.0 

9 

Iodized 

2.0 

Colloid 

4.90 

2.91 

A288 
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aged 

14.6 

Control 

18 

3.0 

Early  hyper- 
plasia 

0.53 

50.0  Nal 

0.35 

1:3842 

7.7 

cf 

Iodized 

3.8 

Colloid 

3.85 

2.61 

that  necessary  to  complete  the  change.  The  usual  variations  ia 
the  iodine  content  of  the  control  lobes  in  relation  to  the  degree  of 
hyperplasia  are  present. 

The  variations  in  the  size  of  the  lobes  are  more  marked  than 
usual  and  show  no  constancy.  In  three  the  iodized  lobes  are 
larger  and  in  the  others  the  control  lobes  are  larger.  These  vari- 
ations illustrate  one  point  often  emphasized  before,  that,  while 
iodine  generally  causes  a  reduction  in  the  size  of  the  thyroid  of 
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(logs,  this  is  not  necessarily  the  case — the  necessary  change  is 
the  involution. 

In  figuring  the  ratio  of  thyroid  weight  to  body  weight,  obviously 
the  iodized  lobe  is  used,  while  the  body  weights  are  those  taken 
after  the  first  operation.  The  iodine  contents  per  gram  of  dried 
gland,  both  for  the  controls  and  the  iodized  lobes,  are  given  in 
one  column.  There  is  ^considerable  variation  in  the  amount  of 
iodine  stored  per  gram  of  thyroid,  with  a  bare  suggestion  that  the 
smaller  the  gland,  the  higher  its  iodine  content.  As  to  the  bio- 
logical significance  of  these  variations,- 1  have  no  suggestion.  It 
is  probably  not  a  physical  phenomenon. 

The  gain  in  iodine  is  in  all  cases  very  pronounced,  and  the 
figures  obtained  support  the  generalization  that  the  thyroid  has 
an  extraordinary  affinity  for  iodine  up  to  the  point  of  saturation, 
which  is  on  the  average  between  5  and  6  mg.  per  gram  of  dried 
gland  for  dog  thyroids.  Passing  to  the  total  amounts  of  iodine 
recovered,  it  is  obvious  that  the  amount  varies  with  the  size  of  the 
gland.  This  also  has  long  been  known,  and  merely  indicates  that 
with  the  amount  of  iodine  and  the  time  of  its  administration 
definite,  and  with  other  organs,  especially  the  kidney,  competing, 
the  surface  area  for  absorption  is  the  largest  factor.  This  feature 
is  brought  out  more  clearly  in  the  ratios  of  thyroid  weight  to  body 
weight  and  in  the  percentages  of  the  total  intake  of  iodine  re- 
covered from  the  thyroid.  In  figuring  these  percentages,  50  mg. 
KI  w^re  figured  as  38  mg.  iodine,  and  50  mg.  Nal  as  42  mg. 
iodine. 

Another  factor  than  the  size  of  the  gland  is  concerned.  Un- 
fortunately the  series  is  too  small  to  show  it  clearly,  but  it  can  be 
seen  by  comparing  Experiment  289  with  285  and  286,  that  the 
more  marked  the  hyperplasia  or  the  lower  the  original  iodine  con- 
tent, the  greater  the  quantity  stored.  The  percentage  stored  from 
a  definite  intake  would  therefore  vary  with  the  size  of  the  gland 
and  its  degree  of  hyperplasia. 

It  should  be  added  that  the  liver  and  spleen  in  each  of  these 
experiments  were  examined  for  iodine,  but  with  uniformly  nega- 
tive results.  This  was  to  be  expected,  since  the  minimum  interval 
between  the  last  dose  of  iodine  and  the  removal  of  the  organs  was 
five  days. 

It  is  recognized  that  the  oral  administration  of  such  small 
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OBSERVATIONS  ON  THE  ETIOLOGY  OF  GOITRE  IN 

BROOK  TROUT. 

IV.     The  Effect  of  Feeding  with  Fresh  and  Stale  Liver.* 

By  DAVID  MARINE,  M.D. 

(From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of   Western 
Reserve  University,  Cleveland.) 

This  report  includes  (i)  a  brief  summary  of  the  sixth  annual 
inventory  of  the  state  of  the  thyroid  glands  in  the  brook  trout  at  the 
hatchery  of  the  Blooming  Grove  Hunting  and  Fishing  Club,  and 
(2)  an  account  of  some  experiments  in  the  feeding  of  fresh  and  stale 
hver. 

The  arrangement  and  number  of  the  ponds  and  troughs,  the  water  supply, 
the  strain  of  brook  trout,  and  their  distribution  in  the  ponds  and  troughs  accord- 
ing to  age,  have  remained  unchanged  since  our  first  observations  in  1909.  The 
crowding  has  gradually  increased  during  these  years,  but  the  general  external 
appearance  of  cleanliness  of  the  ponds  and  troughs  has  not  changed.  Those  con- 
taining the  fry  have  always  been  unusually  well  cared  for.  The  food,  consisting 
of  hog's  liver  and  heart,  has  remained  constant  during  the  six  years  for  all  fish 
up  to  the  ninth  month  of  life,  while  for  the  past  three  years  all  fish  over  nine 
months  old  have  been  fed  with  hashed  sea  fish. 

Histological  examinations  of  the  thyroids  of  a  complete  series  representing 
specimens  from  all  the  ponds  and  troughs  have  been  made  yearly.  The  condition 
of  the  thyroid  up  to  the  time  the  change  of  food  is  made,  i.  e.,  the  ninth  month 
of  life,  has  not  varied  noticeably  during  these  six  years.  All  have  shown  marked 
active  thyroid  overgrowth,  as  noted  in  previous  papers.  When  the  food  is 
changed  to  sea  fish  at  the  ninth  month,  the  thyroid  overgrowth  is  arrested,  and 
the  gland  returns  to  its  colloid  or  resting  stage  in  about  thirty-five  to  forty  days 
(i).  During  the  three  years  that  this  effect  has  been  studied,  no  further  hyper- 
trophy or  growth  of  the  thyroid  has  been  observed,  although  the  fish  remain  in 
the  ponds  for  a  period  of  about  two  years  after  the  change  of  food  is  instituted. 
On  the  other  hand,  when  liver  was  used  as  the  food  throughout  their  lives  in 
captivity,  the  thyroid  overgrowth  progressed  continuously  to  visible  external 
manifestations  in  practically  all  the  fish  by  the  end  of  the  second  year.  The 
substitution  of  sea  fish  as  a  food  has  proved  to  be  a  specific  curative  and  preventive 
measure  under  apparently  the  same  conditions  where  liver  as  food  caused  con- 
tinuous thyroid  overgrowth. 

*  Received  for  publication,  February  24,  1915. 
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In  previous  papers  (2,  3,  4)  it  has  been  suggested  that  the  volume 
of  water,  its  oxygen  supply,  its  content  of  excreta  (overcrowd- 
ing), and  the  highly  artificial  food  (liver  and  heart  muscle)  might  be 
factors  in  causing  the  thyroid  overgrowth.  It  was  on  account  of 
the  rapid  regression  of  the  thyroid  overgrowth  when  sea  fish  was 
fed,  and  on  account  of  its  continuous  growth  when  liver  and  heart 
muscle  were  fed,  that  food  was  more  particularly  suspected  of  play- 
ing an  important  part  in  stimulating  the  thyroid  to  this  continuous 
growth.  If  this  was  a  factor,  it  seemed  probable  that  simple  ex- 
periments in  which  the  freshest  liver  was  fed  and  experiments  in 
which  distinctly  stale  liver  was  fed  might  reveal  differences  in  the 
thyroid  growth.     To  this  end  the  following  experiments  were  made. 

Two  troughs  were  selected  from  the  series  of  twenty-one.  The  fry  of  one 
were  fed  in  the  usual  manner  (twice  daily)  with  the  freshest  liver,  while  the 
fry  of  the  others  were  fed  with  portions  of  the  same  hashed  liver  as  above,  which 
had  been  kept  in  the  cold  chamber  (11°  to  15°  C.)  for  two  days.  The  experi- 
ments were  begun  on  July  16  and  terminated  September  17,  at  which  time  the 
food  of  all  fry  was  changed  to  sea  fish.  Two  fish  were  taken  at  weekly  intervals 
from  each  trough.  As  controls,  specimens  were  taken  from  the  twenty-one 
troughs  at  the  beginning  of  the  experiment,  and  two  specimens  at  weekly  inter- 
vals from  one  adjoining  trough,  which  were  fed  on  the  general  stockroom  sup- 
ply. At  the  end  of  the  two  months  there  were  no  gross  changes  in  size,  activity, 
or  general  appearance  in  the  two  sets.  Histological  preparations  were  made 
from  all  these  thyroids.  Study  of  the  condition  of  the  thyroids  showed  that 
there  was  a  slight  gradual  increase  in  the  degree  of  thyroid  overgrowth  notice- 
able in  the  second  month  in  those  fed  with  the  freshest  liver  over  those  fed 
with,  the  same  liver  held  for  two  days.  No  difference  could  be  distinguished 
between  those  fed  with  the  freshest  liver  and  the  controls  fed  from  the  general 
supply.i 

^  Similar  experiments  have  been  carried  out  on  rats,  where  better  control 
could  be  had.  Thus  two  series  of  twenty-one  young  rats  each  were  divided  into 
groups  of  three  each.  The  first  group  was  fed  on  the  fresh  hog's  liver,  from 
animals  killed  the  same  day ;  the  second  group  was  fed  with  the  same  amount 
of  the  same  liver  one  day  old;  and  each  subsequent  group  was  fed  with  the  same 
liver  one  day  older  than  the  preceding  group.  It  was  kept  at  room  temperature 
screened  from  flies.  They  were  fed  with  liver  six  times  weekly,  while  bread  and 
water  were  kept  continuously  in  the  cages.  All  gained  in  weight,  those  getting 
the  freshest  liver  slightly  more  than  those  getting  the  staler  liver.  One  rat  in 
each  group  was  killed  at  intervals  of  two  weeks,  and  the  thyroids  were  examined 
microscopically.  There  was  distinct  hypertrophy,  as  judged  by  the  reduction  in 
stainable  colloid  and  increase  in  the  size  of  thyroid  cells,  in  those  groups  getting 
liver  I,  2,  and  3  days  old,  while  those  getting  fresh  liver  and  liver  4,  5,  and  6  days 
old  had  normal  or  nearly  normal  glands. 
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These  findings  were  the  reverse  of  what  I  thought  might  occur, 
as  I  had  in  mind  the  possibihty  that  autolysis  and  bacterial  digestion 
of  the  liver  might  produce  substances  capable  of  stimulating  the 
thyroid  cells  to  increased  activity. 

A  plausible  explanation  for  these  findings  is  not  at  hand.  The 
lack  of  control  over  the  amounts  of  liver  taken  by  the  fish  seemed 
suggestive,  but  experiments  with  rats  where  the  quantity  was  con- 
trolled show  in  general  the  same  results.  The  idea  that  certain 
products  of  autolysis  and  bacterial  decomposition  of  the  liver  act 
as  irritants  to  the  thyroid  may  be  abandoned.  Since  controlled 
experiments  show  only  a  very  slight  thyroid  hypertrophy,  one  may 
conclude  that  the  diet  is  only  a  contributing  factor,  and  that  it  may 
act  by  increasing  the  work  of  the  thyroid  in  order  to  maintain  a 
general  increase  in  metabolism,  especially  in  connection  with  the 
overfeeding  of  a  nutritionally  incomplete  diet. 
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THE  FREQUENCY  OF  DUCT-LIKE  SPACES  IN  THE 

THYMUS  GLAND,  WITH  REMARKS  ON  THE 

FORMATION  AND  FATE  OF 

HASSALL'S  CORPUSCLES 

By  DAVID  MARINE,   M.  D.,   from  the   II.   K.   Gushing   Laboratory  of 
Experimental  Medicine,  Western  Reserve  University,  Cleveland,  Ohio 

Of  the  many  unsettled  problems  in  the  anatomy  of  the  thy- 
mus gland  that  of  the  formation  and  fate  of  Hassall's  corpuscles 
would  appear  easiest  of  solution.  Nevertheless  there  are  three 
theories  concerning  their  origin  that  have  obtained  the  support 
of  different  groups  of  observers. 

First.  The  theory  of  Afanassiew'  maintained  that  Hassall's 
corpuscles  arose  from  the  blood  vessels  by  a  proliferation  of  their 
endothelium  and  therefore  were  essentially  involutionary  pro- 
ducts of  mesodermal  origin — the  results  of  an  obliterating  angitis. 
This  view  was  shared  by  Cornil  and  Ranvier^. 

Second.  The  theory  of  Hammar'  maintains  that  Hassall's 
corpuscles  are  of  endodermal  origin,  and  are  formed  by  the  pro- 
liferation of  one  or  more  reticulum  cells  during  the  physiolog- 
ically active  periods  of  the  thymus  and  therefore  are  not  involu- 
tionary products. 

Third.  This  view  also  admits  their  endodermal  origin,  but 
that  in  their  fully  developed  state  they  represent  the  involutionary 
hyalinized  state  of  the  original  thymic  tubules  (ducts  of  Remak) 
and  cords. 

The  data  which  I  wish  to  report  favor  the  third  view,  and 
are  drawn  from  the  less  studied  fields  of  pathology  and  con- 
genital developmental  defects  instead  of  the  more  studied  fields 
of  embryolog}\    They  are  tabulated  as  follows : 


Animal 

Total 
No.- 
Speci- 
mens 

Specimens 

with 

Hassall's 

Corpusclef 

Specimens 

with 

Duct 
Remnants 

Specimens 

with  Ducts 

and  Hassall's 

Corpuscles 

Specimens 

with  large 

Cystic 

Spaces 

Specimen 

with  no 

Hasssall's 

Corpuscles 

Old  sheep 

9 

9 

3 

3 

1 

0 

Young  sheep 
(lambs) 

10 

10 

4 

4 

2 

0 

DOGS 

Series    T 

98 

95 

22 

19 

9 

3 

DOGS 

Series  A 

177 

172 

36 

31 

8 

S 

Chicks 

79 

79 

5 

5 

0 

0 

Man 

126 

126 

1 

1 

0 

0 
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formed  HassalVs  corpuscles.    As  reg 


^'S-  1  5    in   the    thymic   lobules. 

Th,»«.s   o<    dC.    sho-n.    d„c.-Uke    sp.c  ^^^^.^^^    ^^tl,    „ell 

the  thymic  lymphoid  tissue,  two  speamen  .  ^  ^^^^  ^^_^^^.„. 

developed  lymphoid  tissue  and  ^^  ;P;^,:„,„„ary  or  had  never 
■4  20'the  lymphoid  tissue^.ae,theu.^^^^  ^^^^^  ^,^^  ,^,,  ,e- 

been  highly  developed.     V\Me 
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veloped  of  lymphoid  tissue  is  favored  by  the  normal  development 
of  the  Hassall's  corpuscles,  with  our  material  this  is  only  a  pos- 
sibility.* (2)  Series  A — 177  specimens  taken  as  part  of  the 
routine  post  mortem  examination  of  dogs  used  in  other  work. 
Thirty-six  specimens  have  duct  remnants.  In  8  the  cystic  spaces 
were  very  extensive  and  the  lymphoid  tissue  very  atrophic.  In 
5  of  the  8  with  extensive  cystic  spaces,  no  evidence  of  formed 
Hassell's  corpuscles  was  present.  The  number  of  Hassall's  cor- 
puscles is  in  general  inversely  proportional  to  the  number  and 
size  of  the  ducts.  Regarding  the  relation  of  the  thymic  lymphoid 
tissue  development  to  the  extent  of  duct  persistence,  the  tend- 
ency, as  in  Series  T,  is  for  the  best  development  of  lymphoid 
tissue  to  be  associated  with  the  best  development  of  Hassall's 
corpuscles. 

In  both  Series  T,  and  Series  A,  notes  were  made  of  the 
weights  and  anatomical  state  of  the  thyroids,  together  with  the 
sex  of  the  animals,  but  there  was  no  evidence  of  any  relationship 
between  the  thyroid  state  or  sex  and  the  presence  or  absence  of 
ducts  in  the  thymus. 

Chick  Thymus  Glands  (adults) — 79  specimens — In  5  in- 
stances the  slightest  evidence  of  duct  remnants  were  seen.  All 
specimens  contain  approximately  the  same  relative  number  of 
Hassall's  corpuscles.  The  Hassall's  corpuscles  in  chicks  are 
small,  and  usually  lack  the  concentric  arrangement  and  hyalinized 
appearance  seen  in  mammals,  possibly  because  the  thymus  per- 
sists as  an  active  organ. 

Human  Thymus  Glands — 126  specimens  from  autopsies.  In 
but  one  instance — that  of  a  girl  11  years  old — was  there  any  evi- 
dence of  ducts.  In  this  case  there  were  both  well  formed  Hassall's 
corpuscles  and  small  duct-like  remnants  widely  scattered  through- 
out the  gland  but  surrounded  by  well  developed  zones  of  lym- 
phoid tissue. 

Anatomy  of  Hassall's  corpuscles — (a)  The  most  common 
form  seen  in  the  adult  thymus  of  man,  the  dog,  the  sheep,  the  ox, 
et  cetera,  is  a  rounded  or  slightly  elongated  island  of  endodermal 
cells,  varying  from  0.025 — 0.1  mm.  in  diameter,  and  surrounded 

♦Foot  Note — Parathyroids  embedded  in  the  thymus  were  found  acci- 
dentally in  the  portion  taken  for  section  in  two  instances.  Two  trans- 
verse sections  of  the  thymus  area  were  taken  in  each  case,  and  therefore 
only  a  small  portion  of  the  thymus  was  examined.  The  thymus  is  a  com- 
mon location  for  accessory  parathyroids. 
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1       the  remains  of  the  limiting  mem- 
by  a  dehcate  fibrous  -psule-U.e  ^.^^.^  ^^^.^  ^^^.^^^, 

brane  of  the  embryologic  tubu k  or  ^^^^^^^^.^  ^^.^^^^.^^ 

,brous  capsule  are  sev^al    aye.  of  U  g^^^^^^  ^^^^  ^^  ^^ 
cells  concentrically  placed  ^^^^  ^^^^^  ^^^^l^^e 

of  which  is  a  mass  of  n^,.-   <^eb  .  ^a^^^^^^^^^^  ^^^^^  ^^^^^  .^^, 
cystoplasmicorplasmiciemams. 


•    ^1h/  ciliated   columnal   epithelium. 

within  the  capsule  usually  have    he  bes    P^^    p,„g,ess,vely   m- 
cytoplasm   while  the   «u—  '^J^^^  ^^is  type  are  frequent, 
creasmg  veratinizafon.    ^'^^'^1^^,^^  ,<„p„sdes  seen  especmlly 
((,)  Another  common  type  of  "^^^^''^      ^  „;«,  a  single  layer 
Llan  consists  of  a  delicate  ~  fP^/,,,  „st  of  the  space 
of  flattened  partially  -^^S™-^;;  Jn"  a  dehris,  in  which  the  out- 
filled  with  granular,  cheesy  *"^™°    ,  „„,  ,„,,  leucocytes  o  - 
lines  of  swollen,  degenerated,  ep  **a  ^^^^^^^^  ^^^^^^^^,„^^  ,„,„„te 
casionally  may  be  made  o"''    /  „*^,,^,i.3  corpuscles  may  reach 
sebaceous  cysts.     These  CY^'"  ^^  ^;";,,  appearance  of  mdary 
1  mm.  in  diameter  and  present  the  g  i  ^^^  ^^^^„rty 

tecesses-the  --"^-^  °"^°;:; t? shown  that  they  are  no 
carefully  studied  th.s  '°™X.' bel-ved,  but  represent  a  spec  a 
broken  down  gummata.  as  "be  ^^  ^^^^  ^^.^^^^^^^^  ^  „, 

type  of  metamorphosis  m  wh.ch  ^yf\  f„,„  of  Hassa  1  s 

^^teadof  desiccation  take  pla«^     W  ^        ,^^^„^„,,,  ,„<1  «l.ch 
corpuscles  seen  especa^y  m  *e  v    Y  y^  ^^^^^  ^^  ^^,^„  p,.^,,,,ed 


IS 
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polygonal  epithelial  cells  with  slight  or  no  evidence  of  com- 
pression or  hyalinization.  (d)  In  addition  to  the  alx)ve  so-called 
normal  forms,  one  sees  duct-like  spaces  and  remnants  in  which 
all  stages  of  the  transformation  into  true  Hassall's  corpuscles 
may  be  made  out.  Schambacher"  has  recently  made  a  very  care- 
ful study  of  these  persistent  ducts  in  the  human  thymus.  They 
are  comparatively  rare  in  man  while  in  dogs  they  are  very 
common. 

Origin  of  Hassall's  Corpuscles — (1)  The  view  supported 
by  Afanassiew,  Cornil  and  Ranvier  is  now  of  historical  interest 
only.  Attempts  to  inject  these  structures  by  way  of  the  blood 
vessels  have  invariably  been  failures.  Also,  the  Hassall's  cor- 
puscles are  most  numerous  and  best  developed,  on  the  average, 
at  a  much  earlier  period  in  life  than  the  occurrence  of  obliter- 
ative  changes  in  the  vessels  or  the  normal  involution  of  the  lym- 
phoid elements.  During  involution  of  the  thymus  the  vessels 
undergo  obliterative  changes  quite  similar  to  those  seen  in  the 
involuting  uterus  and  may  come  to  resemble  somewhat  true 
Hassall's  corpuscles. 

(2)  It  is  now  generally  accepted  that  the  corpuscles  arise 
for  the  original  thymic  anlage  which  is  of  entodermal  origin 
from  the  3rd  pair  of  gill  clefts  (the  thymus  anlagen  from  the  4th 
gill  clefts  are  negligible  in  mammals  as  regards  the  thymus  as 
an  organ).  It  is  the  prevailing  opinion  at  present  that  the  thy- 
mus reticulum  also  is  derived  from  the  endoderm,  and  Hammar, 
on  the  basis  of  his  extensive  studies,  states  that  Hassall's  cor- 
puscles arise  from  the  proliferation  of  single  reticulum  cells  dur- 
ing the  period  of  active  development  of  the  thymus. 

(3)  This  is  where  the  division  of  opinion  occurs,  since  it 
does  not  explain  the  fate  of  the  original  thymic  ducts,  nor  the 
presence  after  birth  of  the  developmental  abnormality  of  exten- 
sive duct-like  remnants  in  20  to  25  per  cent  of  the  thymus  glands 
of  dogs  with  a  corresponding  decrease  in  true  Hassall's  corpuscles. 
As  the  literature  reports  indicate  and  our  own  observations  con- 
firm, all  mammals  show  this  developmental  defect  to  some  extent. 
It  is  difficult  to  understand  how  such  orderly  arranged  columnar 
and  ciliated  epithelial  lined  glandular  spaces  could  arise  from 
single  cells  already  differentiated  toward  reticulum  formation. 
Then,  too,  other  observers  have  noted,  and  in  my  series  it  is 
most  striking,  that  the  number  of  w-ell  formed  Hassall's  cor- 
puscles varies  inversely  with  the  number  of  duct  remnants. 
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degrees  of   Hassall's  ^or,^^\o^^^  :^  ^,^  ,,^e  g,,nd.    In 
true  Hassall's  corpuscles,  may  De  p 


iK. 
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Sljhic  .»d  .hi.i..n."8  "'  occurrence,  so  that  in  a 

dogs  this  is  ot  much  more  <-;:-";^;X;e  ,he  duct  remnants 

large  series  of  glands  one  sees  ■"^«'"'=;  ;  ^^        ^es  are  present, 

a.f  so  extensive  that  "0  /o™f  H  -»  ^,  J  and  forn«d  Has- 
and  in  a  larger  group  of  cases  ^^  ^  ^^,^^  ^^^  ^^,j,  ,^^g,, 

sail's  corpuscles  ^f  J"^"'^;''    „„„scles  are  present. 

group  only  formed  Hassall  s  corpusc  ^_^.^^  ^^^^^^  ^^^t 

'      lymphoid  tissue  is  arranged  abot  the    ^^^^^^      ^^^^^^ 

as  it  il  about  the  -dl-form  d  H-^1^^  ._^P,^^  ^,^.„„3  ^^at  the 
ducts  occupy  the  same  ^^\^'"l^\  ,,as  seemed  that  m  those 
normal  Hassall's  ~rpuscles  do.  ^^^^     ^^^pj^^y  t.ssue 

eases  with  marked  <i-eloP|-^<  °«  *;^^^^,  „here  the  Hassal  s 
was  not  so  well  developed  as  >"  '^«  yp  of  the  ducts  to 

corpuscles  were  well  ^^^^^J-J^'JJl,  eonstant  that  whatever 
the  Hassall's  corpuscles  .s  so  umfor  ^^^^^ 

explanation  suffices  for  one  « H  suffi «  ^^^^^^^      ^^^, 

'  The  thymic   tracts   m   *e  ^'^™  ^^„„ie  life,  to  secondary 
orimary  tubules  give  nse,  vn  f'^^  '  corpuscles  are  formed 

:;irhel,^l  cords  out  of  wh,ch  *«.J;;,f4  the' ingrowth  of  con- 
when  they  are  broken  up  ™'° '^'^^^  J„t  that  these  epitheha 
nective  tissue.    There  -  ^^^  '  Xentiating  into  tubules  ,ust 
cords  are  potent.al  y  -Pf  .^ItlifTerentiated  in  the  begmnmg. 
as  the  parent  tubules  may  be  .o 
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Any  explanation  as  to  the  cause  of  this  further  differentiation  in 
some  instances  and  its  absence  in  others,  as  to  the  relative  fre- 
quency in  some  animals  and  its  relative  rarity  in  others,  must 


Fig  4 

Projection    sketch    of    a    Hassall's    corpuscle    with    evidence    of    the    original 

duct    lumen    present. 

take  into  account  some~~physiological  stimulus  as  the  potent 
factor  controlling  the  degree  of  anatomical  differentiation. 
The  thyroid  is  a  notable  example  of  this  kind  of  control  over 
the  development  and  fate  of  its  tissues.     Thus  the  thyroglossal 


Fig.    5 

Elongated   Hassall's   corpuscle   from   a    dog,    with   core   composed   of    the   compressed 

contents   of   the   pre-existing   tubule. 

tract  normally  undergoes  total  absorption  in  the  second  and 
third  months  of  intra-uterine  life,  but  under  what  appears  to  be 
the  stimulus  of  functional  necessity  such  absorption  may  be 
delayed  or  wholly  prevented.     In  markedly  goitrous  districts  it 
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may  be  present  in  90  per  cent  of  the  cases  coming  to  autopsy, 
while  in  non-goitrous  districts  such  persistence  does  not  occur. 
In  other  words,  the  development  of  permanent  thyroid  tissue  in 
the  thyro-glossal  tract  is  associated  with  the  overgrowth  of  the 
whole  thyroid  anlage  at  a  time  before  the  tract  should  be  ab- 
sorbed. It  is  probably  some  such  regulatory  process  that  deter- 
mines in  a  given  thymus  whether  further  differentiation  of  the 
cords  into  tubules  is  to  occur  or  whether  involution  is  to  begin 
before  such  differentiation  has  taken  place.  The  nature  of  this 
stimulus  is  unknown,  but  it  is  suggested  that  it  is  an  integral 
part  of  the  mechanism  controlling  thymus  function.  According 
to  this  view,  whether  the  Hassall's  corpuscle  is  a  tubule  or  a  solid 
epithelial  mass  would  depend  largely  on  the  degree  of  epithelial 
differentiation  at  the  time  the  involution  began. 

One  sees  in  mammals,  especially  dogs,  a  complete  series  of 
Hassall's  corpuscles  ranging  from  the  highest  differentiation 
into  tubules  lined  with  ciliated  columnar  epithelium  and  con- 
taining epithelial  cells,  leucocytes  and  albuminous  debris,  down- 
ward through  smaller  tubules  with  flattened  hyalin  epithelial 
lining  and  a  core  of  compressed  hyalinized  cytoplasmic  and 
nuclear  debris  (the  remains  of  the  tubular  contents),  and  lastly 
well  formed  hyalinized  concentric  corpuscles  where  no  trace  of 
a  previous  tubular  differentiation  may  be  made  out.  The  occur- 
rence of  this  series  of  anatomical  changes  could  best  be  ex- 
plained on  the  theory  that  both  the  ducts  and  the  cords  arise 
from  the  same  tissue  and  undergo  a  similar  involution,  which,  in 
the  case  of  the  cords,  results  in  the  formation  of  the  so-called 
typical  Hassall's  corpuscles  before  birth,  in  the  case  of  the  small 
ducts  also  results  in  the  formation  of  fairly  typical  Hassall's 
corpuscles,  the  development  of  which  may  continue  after  birth, 
and  lastly  in  the  case  of  the  larger  ducts  in  the  failure  to  reach 
that  degree  of  involution  even  during  extra-uterine  life. 

The  formation  of  Hassall's  corpuscles  in  an  involutionary 
and  regressive  process.  It  begins  early  in  foetal  life  with  a 
shrinkage  of  the  cells  of  the  primary  tubules  and  epithelial  cords 
and  their  compression  by  the  developing  lymphoid  tissue.  Next 
these  masses  pass  through  a  stage  of  hyalin  transformation  or 
keratinization  (in  man  not  infrequently  a  liquif action  takes  place 
instead  of  desiccation,  and  cyst-like  types  of  Hassall's  corpuscles 
are  formed  as  already  mentioned).  Still  later,  during  the  invo- 
lution of  the  lymphoid  tissue  calcification  may  occur,  and  many 
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are  wholly  absorbed.  This  sequence  of  degenerative  changes  is 
the  usual  physiological  process  utilized  by  the  organism  gener- 
ally in  its  attempt  to  eliminate  inactive  tissues.  Regeneration 
of  tissues  thus  degenerated  is  unknown,  and  while  it  has  been 
stated  to  occur  in  Hassall's  corpuscles  in  association  with  regen- 
eration of  the  lymphoid  tissue  of  the  thymus,  the  evidence  is 
quite  against  it.  There  is  no  well-founded  experimental  evidence 
that  the  thymus  lymphoid  cells  can  undergo  secondary  regenera- 
tion. .  In  certain  diseases  in  man,  as  acromegaly,  myxedema, 
Basedow's  syndrome,  Addison's  disease,  myasthenia  gravis,  etc., 
following  Marie's'  view  it  is  believed  to  occur.  On  the  basis  of 
a  considerable  acquaintance  with  Basedow's  syndrome,  I  am 
inclined  to  this  belief  also  in  the  case  of  this  particular  syndrome, 
and  in  such  cases  one  may  see  very  marked  lymphoid  hyper- 
plasia ( ?)  (persistence)  with  the  Hassall's  corpuscles  reduced 
in  number  and  very  atrophic — a  condition  never  seen  during  the 
fullest  development  of  the  organ  in  early  life.* 

Summary 

Normal  Hassall's  corpuscles  represent  the  atrophic  and 
hyalinized  remains  of  the  embryologic  thymic  epithelial  tubules 
and  cords.  The  frequency  of  atypical  development  of  Hassall's 
corpuscles  varies  in  different  species  of  animals.  In  dogs  duct- 
like epithelial  lined  spaces  were  present  in  58  of  275  cases,  or 
about  21  per  cent,  while  in  man  they  were  present  in  one  of  126 
autopsies.  In  the  sheep  and  chick  the  series  is  too  small  for 
percentage  consideration.  Starting  with  the  embryonic  epithelial 
tubules  and  cords,  there  is  a  considerable  range  of  possible  mor- 
phologic changes.  Thus  the  solid  cords  may  differentiate  into 
tubules  before  the  involutionary  process  starts,  or  the  involutionary 
process  may  start  before  tubular  formation  takes  place.  In  the 
latter  case,  which  even  in  dogs  is  about  80  per  cent  of  all  cases, 
typical  Hassall's  corpuscles  are  formed,  while  in  the  former, 
varying  degrees  of  atypical  Hassall's  corpuscles  are  formed,  de- 
pending on  the  extent  of  the  tubular  differentiation  before  invo- 
lution begins. 

*In  a  recent  paper.  Hart'  expresses  the  view  that  the  Hassall's  cor- 
puscles are  physiologically  active  throughout  life  and  may  even  be  inde- 
pendent organs  related  to  the  thymus  in  some  such  way  as  the  Islands  of 
Langerhaus  are  to  the  pancreas. 
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EPITHELIOMA    OF    THE    PHARYNGEAL    MUCOSA 

IN  A  FOWL 

By  DAVID  MARINE.   M.  D.,   from  the   H.   K.   Gushing  Laboratory  of 
Experimental  Medicine.  Western  Reserve  University,  Cleveland,  O. 

The  comparative  incidence  of  tumors  is  deemed  of  sufficient 
importance  to  justify  recording  the  following  case,  which  came 
under  my  observation  incidentally  in  the  course  of  some  work  on 
goitre  in  fowls. 

The  fowl — a  female  white  Orpington,  serial  Xo.  2372,  aged 
nearlv  two  years — was  one  of  several  sent  to  me  by  Doctor 
Chevalier  Jackson,  of  Pittsburgh,  Pa. 

Upon  arrival  on  February  5,  1915,  the  fowl  weighed  2720 
gms.  Well  nourished.  Feathers  glossy  and  normal.  Left  thy- 
roid lobe  palpable,  probably  the  size  of  a  pecan.  Breathing 
through  mouth  with  very  definite  dyspnoea.  Odor  of  breath 
was  distinctly  foul.  There  is  a  slight  fulness  on  the  left  side 
below  the  angle  of  the  jaw  and  including  the  larynx,  and  to  the 
touch  it  appears  as  a  localized  hard  mass  3  or  more  cm.  in  diam- 
eter, below  and  free  from  the  skin.  Examination  of  the  mouth 
showed  a  large,  circular  fungoid  mass  of  a  pale  yellow  color  rising 
abruptly  from  the  surrounding  mucosa,  which  was  slightly  hyper- 
aemic.  On  cutting  into  it  a  piece  was  easily  broken  out  having 
a  dry,  firm,  yellowish  and  necrotic  appearance.  The  general  im- 
pression gained  was  that  of  a  chronic  infectious  granulomatous 
process,  with  extensive  necrosis,  compressing  and  displacing  the 
larynx.     Externally  the  skin  surfaces  are  everywhere  clean. 

February  12.  General  condition  the  same.  Microscopic  ex- 
amination of  the  tissue  secured  at  the  time  of  the  first  examina- 
tion shows  uniform  dry  necrosis  with  extensive  cellular  infiltra- 
tion and  the  outlines  of  an  irregular  stroma.  The  free  surface 
was  covered  with  mucus  containing  both  red  corpuscles  and 
leucocytes. 

The  fowl  had  considerable  difficulty  in  swallowing,  and  ap- 
peared to  be  getting  weaker. 

February.  20.  Killed  by  bleeding.  Weight,  2,570  gms. 
Autopsied  at  once.  Thyroids  are  enlarged ;  right  lobe,  weight 
1.26  gms.,  and  left  lobe,  0.79  gms.  Parathyroids  are  only  slightly 
enlarged,  about  3  mm.  in  diameter.  Heart  slightly  hypertrophied. 
Ovaries  small.  Other  thoracic  and  abdominal  organs  appear 
normal. 
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Mouth  and  Pharynx.  Projecting  from  the  left  lateral  wall 
and  roof  of  the  pharynx  is  a  sharply  circumscribed  tumor-like 
mass  measuring  roughly  4  cm.  in  greatest  anterior-posterior 
diameter,  3  cm.  in  its  greatest  transverse  diameter,  and  averaging 
about  1cm.  in  thickness.  The  mass  projects  anteriorly  nearly  to 
the  left  angle  of  the  mouth.  The  tongue  is  quite  free,  as  is  also 
the  larynx,  which  is  pushed  to  the  right  and  rotated  so  that  the 
glottis  opens  opposite  the  cratered,  ulcerated  center  of  the  tumor. 
The  periphery  of  the  tumor  extends  under  the  pharyngeal 
mucosa,  giving  the  appearance  of  the  normal  pharyngeal  mucosa, 
extending  a  slight  distance  on  to  the  tumor.  It  is  firmly  adherent 
to  the  jaw  bones  on  the  left  side.  Externally  the  subcutaneous 
tissues  are  free  and  normal.  No  metastases  were  made  out.  The 
general  position  of  the  tumor  is  shown  in  Fig.  1.  No  other 
lesions  of  the  buccal  or  pharyngeal  mucosa  were  made  out. 


FIG.   1 
Photograph  of  head  with  pharynx  and  mouth  opened  on  right  side,   showing  tumor 
mass   in  the  centre  of  the  field;      (a)  glottis;     (b)   cratered  ulcerated   centre   of 
the  tumor;     (c)  normal   pharyngeal  mucosa   extending   up   over  the   edge  of  the 
tumor. 
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Microscopic  Examination.  Sections  taken  through  the 
border  of  the  tumor  show  the  mucosa  around  and  extend- 
ing on  to  the  tumor  to  be  normal.  The  complete  necrosis 
of  the  tumor  adjoining  the  mucosa  masks  the  recog- 
nition of  any  possible  transitional  zone.  Practically  the 
entire  thickness  of  the  tumor  is  necrotic.  Everywhere  on 
the  base  of  the  tumor  there  is  a  thin,  irregular  zone  of  epithe- 
lial tissue  arranged  in  columns  and  strands  of  cells  invading  the 
entire  thickness  of  the  muscular  wall  of  the  pharynx  and  pro- 
jecting slightly  into  the  loose  fascial  coat.  More  anteriorly  the 
bone  of  the  lower  jaw  is  similarly  infiltrated.  No  epithelial  pearl 
formations  or  prickle  cells  are  made  out.  Occasionally  the  in- 
vading cell  columns  have  a  slightly  glandular  appearance  seen  in 
the  so-called  basal  cell  types  of  epithelioma  in  man.  The  line  of 
necrosis  is  sharply  marked  by  a  dense  zone  of  leucocytes  asso- 
ciated with  slight  extravasation  of  red  blood  cells.  Only  the  out- 
lines of  the  irregular  stroma  can  be  distinguished  in  the  necrotic 
part.  The  general  appearance  of  the  invading  columns  of  tumor 
cells  is  shown  in  the  accompanying  photomicrograph,  Fig.  2. 
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t-notomicrograph  from  base  of  tumor,   showing  type  of  cell  growth  and  invasion  of 
the  muscular  coat  of  the  pharynx.     X   100. 
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Morphologically  this  tumor  is  a  carcinoma.  The  possibility 
of  its  being  an  unusual  case  of  the  so-called  "epithelioma  con- 
tagiosum  of  fowls"  can  be  eliminated  by  the  absence  of  lesions 
in  the  usual  locations,  by  the  presence  of  but  one  lesion,  by  the 
absence  of  the  disease  from  the  rest  of  a  large  flock,  and  by  the 
fact  that  the  epithelial  changes  are  very  characteristic  and  differ- 
ent from  those  of  true  cancer. 

Tumors  closely  resembling  this  one  as  regards  location,  gross 
and  microscopic  appearance,  have  been  reported  by  L.  Pick  (1) 
and  Koch  (2). 
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A  PRACTICAL   DEVICE   FOR  USING   THE   SAFETY 

RAZOR    BLADE    TO    CUT    CELLOIDIN 

SECTIONS  * 


O.  T.  Manley,  M.D.,  AND  David  Marine,  M.D.,  Cleveland 


One  of  the  drawbacks  to  the  more  extensive  use  of  routine 
celloidin  or  frozen  sections  has  been  the  problem  of  keeping 
microtome  blades  in  good  condition.  Almost  any  assistant 
with  a  week's  practice  can  block,  cut  and  stain  sections  as  a 
routine;  but  it  is  difficult  to  teach  laboratory  assistants  to 
sharpen  and  care  for  microtome  blades,  and  with  the  more 
extensive  employment  of  women  for  such  work  the  problem  has 
become  acute.  Also,  the  cost  of  having  the  blades  sharpened 
outside  may  be  prohibitive  or  the  work  unsatisfactory,  and 
if  done  by  a  trained  assistant  it  is  time-consuming. 

To  meet  these  conditions,  several  men  have  attempted  to 
utilize  the  safety  razor  blade  as  a  microtome.  One  of  the 
chief  troubles  has  been  the  vibration,  especially  with  the 
paraffin  technic,  and  so  far  as  we  know  no  satisfactory  method 
has  been  devised  to  get  around  this  difficulty. 

For  the  preparation  of  celloidin  or  frozen  sections  from 
large  numbers  of  animal  experiments,  we  have  found  the  fol- 
lowing simple  device  highly  satisfactory :  As  a  holder  we  use 
an  old  Walbe  blade  after  straightening  the  edge,  and  having 
it  reground  if  badly  worn.  The  edge  is  dulled  except  for  the 
portion  covered  by  the  razor  blade.  We  have  tried  the  several 
types  of  razor  blades,  and  on  account  of  the  length  (5.7  cm.) 
and  double  edge  have  found  the  Durham  Duplex  the  most 
satisfactory.  A  longer  blade  would  have  advantages,  but  it  is 
not  necessary.  The  blade  (3,  Fig.  1)  is  laid  on  the  holder  so 
that  the  edge  of  the  holder  extends  to  the  beginning  of  the 
bevel  on  the  razor  blade,  allowing  a  free  border  of  about  2  mm. 
This  position  is  maintained  by  two  pairs  of  pins  set  into  the 
holder  and  so  placed  that  the  posterior  pair  (4,  Fig.  1) 
engages  the  curved  corners  of  the  razor  blade  to  prevent  its 
slipping  back,  and  yet  does  not  touch  the  cutting  edge.  This 
pair  of  pins  also  penetrates  the  spring  steel  plate  which  grips 
the  blade.  The  second  pair  of  pins  (5,  Fig.  1)  is  placed 
slightly  external  to  and  0.5  cm.  in  front  of  the  first  pair. 
These  act  as  guides  for  the  razor,  facilitating  its  insertion 
and  preventing  any  lateral  motion  that  might  allow  the  cutting 
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edge  to  hit  the  posterior  pair  of  pins.  A  plate  (represented  by 
a  broken  outline,  Fig.  1)  of  spring  steel,  tapering  to  a  thin 
edge  anteriorly  and  slightly  convex  to  permit  the  ends  to 
engage  first,  grips  the  razor  blade  throughout  its  entire  length 
about  0.5  cm.  hack  of  its  cutting  edge. 

This  plate  is  tightened  by  a  set  screw  (1,  Fig.  1)  as  shown 
in  Figure  2.     A  small  spring  (2,  Fig.  1)  placed  posterior  to 


Fig.  1. — Instrument  with  blade  holder  removed.  1,  Position  of  set 
screw  holding  the  spflog  steel  plate;  2,  small  steel  spring  to  lift  plate 
when  set  screw  is  loosened;  3,  safety  razor  blade;  4,  one  of  the  posterior 
and  internal  pair  of  posts  controlling  position  of  razor  blade;  5,  one  of 
the  anterior  and  external  pair  of  posts  controlling  position  of  razor 
blade. 


Fig.  2. — Instrument  ready  for  use. 


the  set  screw,  between  the  holder  and  the  plate,  facilitates 
changing  or  adjusting  the  razor  blade. 

This  modified  microtome  has  been  in  use  for  some  months. 
Any  one  can  obtain  sections  from  15  to  20  microns  thick  at  a 
very  low  cost,  and  for  the  routine  section  work  with  our 
animal  experiments  it  has  replaced  the  standard  microtome 
blades. 
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SIMPLE  goiter  in  animals  is  probably  the  easiest  of  all  known  diseases  to 
prevent.  Simple  goiter  includes  all  the  thyroid  enlargements  seen  in  the 
lower  animals  and  those  thyroid  enlargements  seen  in  man,  except  cases  properly 
classified  as  exophthalmic  goiter.  Many  cases  with  simple  goiter  later  develop 
exophthalmic  goiter.  In  brief,  simple  goite'r  includes  all  .those  thyroid  enlarge- 
ments formerly  classified  as  endemic,  epidemic  and  sporadic.  The  periods  when 
it  most  frequently  develops  are  (1)  fetal,  (2)  adolescent,  and  (3)  during  preg- 
nancy. Anatomically  a  wide  range  of  changes  may  be  present,  depending  on  the 
species  of  animal  and  on  the  stage  (duration)  of  the  disease.  In  man  and  fowls 
one  more  commonly  sees  the  form  characterized  by  an  abundance  of  colloid  ma- 
terial— the  so-called  "cystic  or  colloid  goiter"  of  older  writers,  while  in  goiter 
of  dogs,  sheep,  cattle,  pigs,  fish,  etc.,  the  accumulation  of  colloid  material  is  seen 
only  in  the  late,  regressive  or  quiescent  stages.  Again  in  man  the  adenomatous 
form  is  very  common  and  is  exceedingly  rare  if  present  at  all  in  the  lower 
animals. 

It  will  not  be  possible  to  review  all  the  experimental  data  on  which  the 
assertion,  that  simple  goiter  in  animals  is  an  easily  preventable  disease,  is  based. 
Certain  of  the  more  important  facts  bearing  on  the  subject  will  be  summarized 
as  an  introduction  to  the  discussion  of  the  means  proposed  to  attempt  the  pre- 
vention of  simple  goiter  in  man. 

1.  The  developmental  stage  of  all  goiters  is  characterized  by  an  increased 
blood  flow,  an  increase  in  the  size  and  number  of  epithelial  cells,  a  decrease  in  the 
stainable  colloid  of  the  follicular  spaces  and  a  marked  absolute  decrease  in  the 
iodine  content.    The  decrease  in  iodine  precedes  the  cellular  changes. 

2.  Similar  thyroid  changes  (compensatory  hyperplasia)  invariably  occur  in 
the  remaining  portion  of  the  gland  when  a  sufficient  portion  of  the  entire  gland 
is  removed.  The  amount  of  gland  it  is  necessar)^  to  remove  in  order  to  cause  com- 
pensatory hyperplasia  varies  somewhat  with  the  species  of  animal,  definitely  with 
the  age,  the  diet,  and  the  presence  of  iodine. 

3.  The  administration  of  exceedingly  small  amounts  of  any  salt  of  iodine 
thus  far  tried  in  any  manner  completely  protects  the  remaining  thyroid  against 
compensatory  hyperplasia,  even  after  the  removal  of  three-fourths  of  the  normal 
gland  in  cats,  dogs,  rabbits  and  rats,  fowls  and  pigeons.  Halsted^  and  Hunnicutt^ 
reported  a  series  of  partial  thyroidectomies  in  dogs  in  which  they  failed  to  ob- 
tain the  hypertrophy  or  hyperplasia  of  the  remaining  portion  and,  therefore,  con- 
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eluded  that  Halsted's  earlier  and  justly  classic  experiments^  on  the  production 
of  compensatory  hyperplasia  by  partial  removal  were  not  due  to  thyroid  removal, 
but  to  something  else,  possibly  infection.  Their  failure  to  obtain  compensatory 
hyperplasia  in  the  second  series  was  really  due  to  the  presence  of  available  iodine 
either  from  the  absorption  of  iodine  painted  on  the  skin  or  from  contact  with 
other  dogs,  or  from  inhalation  of  volatilized  iodine  from  other  dogs  carrying 
iodine,  or  from  other  sources  in  the  rooms. 

4.  If  most  of  the  thyroid  gland  is  removed  before  or  in  the  early  stages  of 
pregnancy  and  rigid  steps  are  taken  to  exclude  available  iodine,  the  pups  at 
birth  will  have  enlarged  thyroids,  as  first  shown  by  Halsted,^  while  if  available 
iodine  is  present,  the  pups  will  have  normal  thyroids.* 

5.  We  have  repeatedly  found  that  a  milligram  of  iodine  given  at  weekly 
intervals  is  sufficient  to  prevent  thyroid  enlargement,  although  other  pups  of  the 
same  litter,  living  in  the  same  kennel,  and  eating  the  same  food,  regularly  de- 
veloped goiter. 

6.  The  thyroid  gland  has  an  extraordinary  affinity  for  iodine,  as  can  readily 
be  shown  by  perfusion  experiments  in  vitro  or  by  injecting  small  amounts — 5  to 
20  mg.  KI. — into  the  circulation.^-  ^  Experimentally  then  the  proof  is  suffi- 
ciently complete  to  demonstrate  the  underlying  principles  of  goiter  prevention 
in  animals  and  the  ease  with  which  they  can  be  applied.  From  the  practical 
standpoint,  the  first  instance  of  preventing  goiter  on  a  large  scale  was  accidental 
and  in  connection  with  the  sheep  raising  industry  of  Michigan.  Prior  to  the 
discovery  of  salt  deposits  around  the  Great  Lakes,  the  future  of  the  industry 
seemed  hopeless,  but  with  the  development  of  the  salt  industry  and  its  use  by 
the  sheep  growers,  goiter  rapidly  decreased.  The  salt  contains  appreciable  quan- 
tities of  both  bromine  and  iodine  and  in  places  these  elements  are  extracted  on  a 
commercial  scale.  The  second  instance  of  goiter  prevention  on  a  large  scale 
was  in  brook  trout.  Some  years  ago  the  development  of  goiter  in  artificially 
raised  members  of  the  salmon  family  became  alarming  and  many  plants  were 
abandoned  on  account  of  the  disease.  After  considerable  work,  which  led  to 
the  conclusion  that  the  disease  was  simple  goiter,  we  were  able  to  completely 
prevent  the  disease  in  several  hatcheries,  by  the  use  of  very  small  amounts  of 
tincture  of  iodine  added  to  the  water.'^  Later  the  attempt  was  made  to  substitute 
whole  sea  fish  for  part  or  all  of  the  diet,  which,  likewise,  proved  to  be,  from 
the  practical  point  of  view,  a  cheaper  and  simpler  method  of  complete  preven- 
tion.^ Similar  preventive  work  with  farm  stock  is  being  carried  out  under  our 
direction  in  some  of  the  valleys  of  British  Columbia,  where  goiter  was  so  preva- 
lent that  farmers  were  unable  to  raise  hogs,  cattle,  horses,  and  chickens  on  ac- 
count of  myxedema  (cretinism).  Similar  work  in  the  prevention  of  goiter  in 
hogs  was  recently  reported  by  Smith. ^  He  was  able  to  completely  prevent  fetal 
myxedema  by  the  use  of  potassium  iodide  to  the  mother  during  pregnancy.  He, 
however,  used  quantities  far  in  excess  of  those  necessary  to  prevent  goiter  and 
myxedema.  In  spite  of  this  knowledge  of  the  ease  and  simplicity  of  goiter  pie- 
vention  in  the  lower  animals,  we  know  of  no  instance  where  the  attempt  has 
been  made  to  systematically  prevent  or  control  the  disease  in  children  in  large 
commanities,  especially  those  of  the  Great  Lakes  Basin,  where  goiter  is  so 
prevalent.  Locally,  we  have  been  carrying  out  preventive  treatment  for  the  past 
six  y  ars  at  the  Lakeside  Hospital  Medical  Dispensary  and  have  urged  local 


physicians  to.  do  so  in  their  private  practices.  A  great  deal  has  been  accom- 
plished in  this  way,  but  as  it  is  a  public  health  matter  the  most  practical  and 
economic  method  would  be  to  utilize  the  Public  School  System  and  the  Board 
of  Health.  When  the  Medical  Inspection  of  Schools  is  more  or  less  independent 
of  the  Board  of  Health,  it  would  be  carried  out  through  the  Medical  Director 
of  Schools.  This  year  it  has  been  possible  to  begin  such  work  on  a  large  scale 
in  the  city  of  Akron,  through  the  cooperation  of  the  Superintendent  of  Schools, 
the  Board  of  Education,  and  the  County  Medical  Society. 

It  was  decided  for  the  present  to  limit  the  prophylactic  work  to  the  girl 
pupils,  since  adolescence  is  the  most  important  goiter  developing  period  and  since 
at  this  period  it  occurs  about  six  times  more  frequently  in  girls  than  in  boys. 

The  plan  now  in  operation  was  arranged  from  the  standpoint  of  simplicity, 
practicability,  economy,  and  the  possible  scientific  value  of  the  data  obtained. 
Changes  will  doubtless  be  made  as  the  work  progresses.  First  a  census  of  the 
condition  of  the  thyroid  gland  was  taken  of  all  girls  between  the  5th  and  12th 
grades  inclusive  and  the  findings  recorded  on  individual  cards,  of  which  the 
following  is  a  copy : 


No. 

Date 

Name 

School 

Age                          Weight 

Physical  Development 

Grade 

Class  Standing 

Tonsils-Adenoids 

Thvroid 

1 

Simple 

2 

Adenomas 

3 

Thyroid-tract 

4 

Duration 

Remarks 

The  thyroid  examinations  of  all  pupils  were  made  by  a  single  examiner  in 
order  to  make  the  standards  used  constant  and  the  data  obtained  uniform.  It 
is  planned  to  take  the  census  each  year  in  \he  same  way. 

For  the  prophylactic  treatment  we  have  selected  sodium  iodide  on  the 
grounds  of  economy  and  ease  of  administration.  Regarding  the  amounts  that 
should  be  given,  we  have  nO  data  except  those  from  animal  experimentation.  As 
has  been  pointed  out  repeatedly,  exceedingly  small  amounts  of  iodine  are  needed. 
One  milligram  of  iodine  given  weekly,  by  mouth,  is  ample  to  prevent  goiter  in 
dogs.  In  all  our  dispensary  experiments  with  children  we  have  used  either 
syrup  of  hydriodic  acid  or  syrup  of  ferrous  iodide,  in  1  c.c.  doses,  daily  for  two 
to  three  weeks,  repeated  twice  yearly,  and  have  recommended  their  use  to 
clinicians  solely  because  they  were  the  only  U.  S.  P.  preparations  sufficiently 
dilute  to  offset  the  tendency  to  use  too  large  amounts. 

We  have,  therefore,  arbitrarily  selected  to  use  2  gm.  sodium  iodide,  given 
in  0.2  gm.  doses  each  school  day,  for  each  pupil  in  the  5th,  6th,  7th,  and  8th 
grades;  and  4  gm.  given  in  0.4  gm.  doses  each  school  day  for  each  pupil  in 
the  9th,  10th,  11th,  and  12th  grades.  These  amounts  will  be  given  twice  annually 
about  the  first  of  May  and  December,  at  the  schools  by  the  teachers  or  nurses. 
Bottles  were  distributed  to  the  several  schools,  containing  the  solutions  (0.2  gm. 
Nal.in  5  c-Cv.HoO  and  0,4  em.  in  5  c.c.  H„0)  in  sufficient  amount*;  fn  mvi>  e^rh 


pupn  electing  to  take  the  prophylactic  treatntent  a  total  of  50  .c.  A  record  was 
L'de  both  of  those  who  took  *e  treatment  and  '^J^^^J^^J^^^,  These 
pupils  will  be  exammed  annually  and  the  'hyro.a  ^^^ 

amounts  of  sodium  iodide  provde  ^PP™-™f' ^  !f  °  ^[^ilTdy  3400  (3384) 
each  pupil  of  the  5th,  6th  7th  and  8th  grades  ^^  JP" J,  ^^at  25  to  30 
„g.  for  the  9th,  10th,  1  th    and  12*  gr  de.     ^^^en  one      ^^^  ^^  ^^ 

nag.  saturates  the  normal  thyrd.d  of  20Jo  ^^  8™-  ^.^^^^  ^^,  „^  ,,. 

extraordinary  affin.yJo    'od.-     -"- jtre  U-^^  -de  excessive  to 

p---  ^T?r:rz^::^s^^  LTar:!  ^httd  and 

^,,a/y.«  0/  the  Ihyrod  £«'"  «•";  "^  ,0,      H^h  and  12th  grades  were 

:-^7a?dttt^ftri;^?«""  — -  — ■ 

Table  I. 
j  Condition  oe  Thyroid  Gland.     ^__^___ 


Total 
Per  cent 


normal 

1688 
43.59 


1        SLIGHT 
ENLARGE- 
MENT 

1931 

49.88 

____ 

MODERATE 
ENLARGE- 
MENT 

246 

6.35 

MARKED 
ENLARGE- 
MENT 

7 
0.18 

THYROID- 
ADENOMAS      I  TRACT 

(persistent) 


39 

1.01 


594 
13.4 


•      1  r    ^  tv,A  ctanflDoint  of  normals,  slight, 
The  thyroid  glands  were  exammed  from  the  standpomt  ^^^^^^ 

moderate,  and  marked  enlargements.  «<'"<""«•  ^"'f^dJ^wL/mi.  goiter. 
and  the  pupils  for  gross  manifestat.ons  -[^ZtZczierL  found. 

thyroglossal  stalk  (so-called  P^"™''^' P""7,  ,^„  divided  into  three  arbitrary 
Those  cases  with  enlarged  thyro.ds  have  been  dj^ed^  ^nder  slight 

groups  iVysUgh,  (2)  -*;«-„»ta       wTh^  W  vtblbulging  of  the  sUin 
-t  *;trit  r  rL^tt  h-  -.:  ch^rrnow,  whl.  the  hnger  or  thumb 

-bulging  of  the  neck  laterally  f^.^'^f^^^tfin  approximately  93  per  cent 
the  skin  anteriorly  from  the  '"'^  S,f  '  .^rj"  .^lut  the  usual  percentage, 
the  right  lobe  was  larger  than  the  ';"■ ->'■*  ™„se  cases  with  excessive  de- 
Under  marked  enlargement  ■..t  have  g™t^ed  ^^^^^  ^^  ^^^  ^^ 

formitv.    One  thousand  six  hundred  a"^  «|ht3  -ght,  o         J^    ^^^^  ^^^^^^^  ^^ 
pils  examined  were  classed  as  "ormal ;  1931,  ^^  ^    ,„,,rged  (none 

slightly  enlarged;  246,  or  6.35  per  cent,  -"e  classed  as  ^^  ^^^^^^^^ 

of  which  had  been  operated  upon^  ;  7,  or  0_18  per  cem  ^^^^^^  ^^^^^  ^^ 

„,„„.d    of  which  two  had  been  operated  upon.  g 


56.41  per  cent  with  enlarged  thyroids  and  1688,  or  43.59  per  cent,  with  normal 
thyroids.  In  59  cases,  or  1.01  per  cent,  adenomas,  single  or  multiple,  vere  de- 
tected. The  smallest  was  approximately  2  cm.  in  diameter  and  the  large  ;t  about 
6  cm.  These  figures  are  of  little  value,  since  they  include  only  the  larg ;  super- 
ficial and  favorably  located  ones. 

The  thyroglossal  tract  when  present  is  very  readily  detected,  either  slightly 
to  the  right  or  left  of,  and  rarely  in,  the  midline.  Only  those  which  extended 
to  the  base  of  the  thyroid  cartilage  were  included.  In  many  it  was  pal  )able  to 
the  hyoid  bone.  The  very  small  pyramidal  processes  ending  below  the  cricoid 
cartilage  were  not  included.  Five  hundred  ninety-four,  or  13.4  per  cent^  of  the 
cases  had  well-defined  thyroid  stalks.  Physiologically  the  presence  of  thyroid 
tissue  in  the  line  of  descent  of  the  embryologic  thyroid  anlage  indicates  that  the 
gland  had  undergone  enlargement  in  intrauterine  life,  whereas  normally  the 
tract  undergoes  absorption  beginning  according  to  His^°  in  the  second  month. 
The  presence  of  large  amounts  of  thyroid  tissue  about  the  foramen  cecum — the 
so-called  lingual  thyroid — or  of  large  masses  between  the  hyoid  bone  and  thyroid 
cartilage — so-called  infrahyoid  thyroids — are  of  the  same  significance.  Exclud- 
ing the  rare  congenital  defects  in  the  thyroid  anlage,  the  amount  of  thyroid  tissue 
in  the  line  of  descent  of  the  thyroid  gland  may  be  used  to  determine  the  degree 
of  normality  of  the  thyroid  gland  in  intrauterine  life  and  as  first  pointed  out  by 
Streckeisen^^  it  is  an  excellent  index  for  determining  the  extent  and  degree  to 
which  a  given  district  is  aflfected  with  simple  goiter.  At  Basel  he  found  about 
79  per  cent  of  the  cases  coming  to  postmortem  examination  had  persistent  thyro- 
glossal stalks.     If  the  district  is  extremely  goitrous  and  the  mothers  are  not 
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Fig.  2. 


normals;    slight    enlargements;    -o-o-o-o-    moderate    enlargements: 


fed  iodiie  during  pregnancy,  practically  all  children  should  have  large  persistent 
thyroglossal  tracts.  If  the  district  is  nongoitrous  (e.g.,  sea  coast  regions)  very 
few  chi.dren  will  have  persistent  thyroglossal  tracts. 

Following  the  analysis  further,  the  condition  of  the  thyroid  in  relation  to 
grades  is  shown  in  Table  II  arid  the  accompanying  curve  chart  (see  Fig.  1); 
and  in  relation  to  age,  in  Table  III  and  accompanying  curve  chart  (see  Fig.  2). 

Tabi,e  II. 
Condition  opv  Thyroid  Arranged  by  Grades. 


Grades 

5 

6 

i        7      j 

8       1 

9       1 

10      II       11 

12 

i6 

7. 

6  rt 

% 

O  « 

■1 
%    1 

1 

% 

1^3 

%  : 

o 
d 

% 

OS 
d  rt 

% 

Normal 

Slightly 

Enlarged 

Moderately 

Enlarged 

Markedly 

Enlarged 

410151.77 

350  44.20 

31    3.90 

1    0.13 

354 

388 

29 

45.90 

50.33 

3.76 

269 

360 

43 

1 

40.0   I 

53.49 

6.39 

0.14 

206 

271 

31 

1 

40.47 

53.24 

6.09 

0.20 

191142.92 

215  48.31 

38   8.54 

1!  0.23 

124 

155 

30 

1 

40.00 

50.00 

9.68 

0.32 

76  36.02 

112  53.08 

23  10.90 

58136.02 
1 
:  80149.70 
1       1 

21113.04 
i       1 
21  1.24 

Totals 
Adeno- 
mas** 

792  20.45* 
3   0.13 

771 
3 

19.91 
0^3^ 

673  17.38 
7    0.32 

509 
6 

13.15 
0.28 

445111.5 
8   0.36 

310 
6 

8.0 
0.28 

2111  5.45 
1 
51  0.22 

1611  4.16 
1 
11  0.04 

'Percentage  of  total  pupils  examined  3872. 
••Adenoma  percentage  figured  from  the  total  enlarged  thyroids  2184. 


Tabu  III. 
Condition  oe  Thyroid  Arranged  According  to  Ages. 


Age 

10-12 

12-14         1 

14-16 

16-18 

18-20 

No.  of 

% 

No.  of 

% 

No.  of 

% 

No.  of 

% 

No.  of 

% 

Cases 

Cases 

Cases 

Cases 

156 

Cases 

Normal 

530 

56.08 

521 

41.32 

460 

40.35 

34.44 

21 

28.77 

Slightly 

Enlarged 

394 

41.69 

680 

53.92 

578 

50.70 

235 

51.88 

44 

60.27 

Moderately 

Enlarged 

21 

2.22 

59 

4.68 

98 

8.6 

60 

13.24 

8 

10.96 

Markedly 

Enlarged 

1 
1261 

0.08 
32.56 

4 

0.35 

2 

0.44 

Totals 

945 

24.41* 

1140 

29.44 

453 

11.70 

73 

1.89 

Adenomas 

2 

0.01** 

11 

0.52 

18 

0.84 

8 

0.39 

•Percentage  of  total  pupils. 
'•Percentage  of  total  enlarged  thyroids. 


Tht  most  rapid  increase  in  the  number  of  slight  enlargements  occurs  be- 
tween tne  5th  and  8th  grades.  This  corresponds  very  closely  with  the  rapid 
increase,  between  the  10th  and  14th  years.  The  average  age  of  the  5th  grade 
pupils  w^as  10  years.  Less  than  2  per  cent  of  the  5th  grade  were  under  10  years 
and  they  were  tabulated  in  the  10  to  12  age  group. 

The  age  group  18  to  20  contains  less  than  2  per  cent  of  the  total  pupils,  and 
while  tabulated  for  the  sake  of  completeness,  the  percentages  are  doubtless 
higher  than  the  normal  average  for  this  age  and  properly  belong  to  a  special 
group  with  lower  mental  activity.  The  relation  of  thyroid  enlargement  to  re- 
tarded mental  development  is  an  important  subject,  but  our  available  data  do 
not  peiTiiit  of  further  discussion  at  present. 


DISCUSSION 

The  most  valuable  and  accurate  data  of  the  incidence  of  goiter  in  America 
can  be  obtained  from  examinations  of  the  public  school  population,  because,  in 
the  first  place  it  covers  the  most  important  ages  when  goiter  develops;  secondly, 
it  gives  the  most  complete  census;  and  thirdly,  no  additional  expense  or  addi- 
tional effort  is  necessary.  Up  to  the  present  time  no  organized  and  systematic 
effort  has  been  made  in  this  country  to  study  the  incidence  of  goiter  in  the 
school  populations  of  large  communities,  even  in  the  Great  Lakes  Basin — the 
largest  and  most  densely  populated  of  all  goiter  districts  of  North  America. 

The  report  by  HalP-  of  the  examination  of  3339  students  at  the  University 
of  Washington  is  the  most  extensive  available  in  American  literature.  Of  the 
2086  men  with  the  average  age  of  20  years  and  5  months,  he  found  374,  or  17.93 
per  cent,  with  enlarged  thyroids;  272,  or  13.03  per  cent,  classed  as  perceptible ;  92, 
or  4.43  per  cent,  classed  as  medium ;  and  10,  or  0.48  per  cent,  classed  as  large.  Of 
the  1253  women,  with  the  average  age  of  19  years  and  3  months,  he  found  388, 
or  30.98  per  cent,  with  enlarged  thyroids;  294,  or  23.45  per  cent,  classified  as 
perceptible;  85,  or  6.79  per  cent,  classified  as  medium;  and  9,  or  0.7  per  cent, 
classified  as  large.  These  figures  demonstrate  clearly  the  prevalence  of  goiter 
in  the  northwestern  states.  The  group  is  too  selective  and  the  ages  too  ad- 
vanced to  give  an  average  incidence  percentage,  because  (a)  the  greatest  inci- 
dence occurs  during  puberty,  (b)  a  certain  percentage  of  enlargements  recede 
below  the  level  of  clinical  detectability  spontaneously  and  (c)  a  small  percentage 
would  have  receded  because  of  iodine  feeding. 

In  the  Great  Lakes  Basin,  Olsen^^  reports  the  examination  of  606  women 
and  193  men,  presumably  between  the  ages  of  18  and  60,  at  Chicago.  Among 
the  women,  he  found  an  average  of  17.87  per  cent  affected  and  among  the  men 
6.72  per  cent.  The  figures  emphasize  the  frequency  of  thyroid  enlargements, 
though  they  are  very  much  lower  than  would  be  obtained  from  a  similar  num- 
ber of  examinations  during  the  school  age,  on  account  of  the  factors  of  spon- 
taneous or  induced  regression  of  the  thyroid  enlargements  and  of  migrations 
from  nongoitrous  districts,  which  his  figures  necessarily  include. 

In  Europe  the  statistics  of  Schittenhelm  and  Weichardt"  deal  with  the  in- 
cidence of  goiter  in  the  school  populations  of  certain  districts  of  Bavaria,  where 
goiter  is  prevalent.  Using  ver>-  liberal  standards,  they  report  incidences  as  high 
as  77  and  89  per  cent  of  the  school  population  affected. 

In  the  Vosges  mountains  of  eastern  France  and  Alsace,  MacAuliffe"  has 
recently  reported  the  examination  of  2311  children  between  the  ages  of  2  and 
15  years.  He  found  288,  or  12.5  per  cent,  affected.  A  comparison  of  our  data 
with  the  data  cited  above  is  not  possible.  We  use  a  much  more  rigid  standard 
of  normal,  both  clinically  and  anatomically.  Anatomically,  the  strictlv  normal 
gland  does  not  exceed  0.5  gm.  thyroid  per  kilo  of  body  weight,  though  many 
European  writers,  especially  those  in  the  Alpine  goiter  districts,  allow  as  much 
as  1.0  gm.  per  kilo.  In  dogs,  the  normal  thyroid  gland  does  not  exceed  0.3  gm. 
per  kilo.  Clinically,  in  the  normal  gland  the  isthmus  can  barely  be  felt,  but  the 
lateral  lobes  can  not  be  felt. 

The  question  of  the  production  of  exophthalmic  goiter  by  the  use  of  iodme 
may  be  mentioned  briefly.     Some  Swiss  writers,  like  Oswald^«  take  the  extreme 


view  that  iodine  should  never  be  used  in  goiter,  because  of  the  danger  of  pro- 
ducing exophthalmic  goiter.     Pineles"  and  Kocher^^  take  the  -ore  moderate 
ground  that  iodine  should  be  given  cautiously  to  neurotic  mdividuals  with  goiter. 
Our  e^erience  has  led  us  to  the  conclusion  that  the  risk  of  inducing  mamfesta- 
tions   of   exophthalmic   goiter   from   the   use   of   iodine   in  physiologic   doses   is 
exceedingly  small,  even  in  those  cases  with  large  hyperplastic  thyroids;  i.  e    the 
kind  of  thyroid  enlargement  which  would  permit  of  the  most  ^^P^^  formation 
and  excre^on  of  the  iodine-containing  hormone.     The  extent  to  which  iodide 
are  used  in  general  medicine  and  surgery  and  the  rarity  of  the  development  of 
signs  of  exophthalmic  goiter  is  the  best  index  of  the  danger.     Iodine  is  usual  y 
Employed  in  immensely  large  doses;  0.2  to  0.4  gm.  Nal  daily  for  2  weeks  would 
offer  a  great  excess  over  the  amounts  necessary  to  saturate  even  the  largest  thy- 
roids and  probably  much  smaller  amounts  would  suffice  in  man,  as  it  has  been 
oroved  to  do  in  the  lower  animals.  , 

While  the  danger  of  causing  symptoms  of  exophthalm.c  goiter  probaMy 
varies  with  the  size'and  degree  of  active  hyperplasia,  al    anthors  ag-  tha    the 
important  factor  in  determining  such  symptoms  hes  outs.de  the  thyroid    eithe. 
Hhe  ne  vous  system,  or  some  gland  like  the  adrenal,  and  amedates  any  thyroid 
hue      Klose"  has  reported  the  production  of  exophthalmic  goiter  in  nen,ou 
fox  terrier  dogs,  by  the  injection  of  sodium  or  potassium  iodide  m  0.6  gm.  doses 
per  M*      Those  experiments  were  soon  discredited  by  the  work  of  Bord  n- 
17Ja    No  one  els'  has  suggested  any  danger  from  the  -e  of  .od.des  m  the 
case  of  nongoitrous  individuals,  except  the  well-known  acute  'od-™; f  ^^f" 
tects  a'smaU  percentage  of  people,  and,  so  far  as  known,  is  not  rela  ed  to  thy- 
roid act  "^     Cases  with  definite  manifestations  of  exophthalmic  goiter  should 
™t  be  giv^n  iodt::,  although  there  are  cases  (or  better,  stages)  of  the  disease 
which  are  distinctly  benefited  by  iodides. 

Thfuse  of  de  iccated  thyroid  has  well-known  dangers  after  adolescence- 
mainly  because  of  the  large  doses  used.  Both  economically  and  practically,  it 
would  U  be  suitable  for  general  use,  as  a  prophylactic  agent. 

I 


In 

the  5th 


SUMMARY 


a  complete  census  of  the  condition  of  the  thyroid  gland  '"  *^  ^-Is  from 
the  5th  to  12th  grades  of  the  school  Population  of  a  Wge  -— ^^  J  '^'^^ 
Great  takes  goiter  district,  it  was  found  f''\^^yi;;J?^"J\g4   or  13.4 
mal  thyroids;  2184,  or  56.41  per  cent,  had  ^'^S^d  thyroids    and  5y4 
ner  rent   had  well-defined,  persistent  thyroglossal  stalks.    The  community    le 

posed  i  J  in  operation. 
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{From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of  Western 
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Plate  54. 

(Received  for  publication,  January  3,  1917.) 

The  reactions  of  certain  structures  of  the  spleen,  for  example  the 
pulp  cells  and  the  endothelium  of  the  sinuses,  to  many  varieties  of 
toxins  have  been  extensively  studied.  On  the  other  hand,  little  is 
known  of  the  nature  and  function  of  the  Malpighian  bodies.  While 
morphologically  they  resemble  lymphoid  tissue,  the  fact  that  this 
tissue  rarely  shows  the  reactions  seen  in  other  lymphoid  tissues  to 
bacterial  toxins  like  t>'phoid,  streptococcus,  etc.,  may  be  of  signifi- 
cance. In  certain  states,  however,  as  in  lymphatism,  exophthalmic 
goiter^  etc. ,  this  tissue,  like  the  thymus,  shares  in  the  general  lymphoid 
hyperplasia.  Then  too,  its  arrangement  as  an  envelope  about  the 
arteries  is  not  dupHcated  elsewhere  in  the  body.  The  question  of 
the  relative  importance  of  the  structures  in  regeneration  also  has 
received  little  attention.  Are  the  Malpighian  bodies,  the  pulp 
cells,  and  the  sinuses  separate  tissues  with  separate  fimctions,  or  are 
they  more  interrelated  functionally  and  morphologically  than  their 
anatomical  appearances  indicate?  It  occurred  to  us  that  transplan- 
tation, if  this  was  possible,  would  throw  some  hght  on  the  subject 
of  regeneration  and  possibly  on  the  relative  value  of  the  tissues  in 
this  reaction.  We  have  not  been  able  to  find  any  record  of  the 
transplantation  of  splenic  tissue  where  the  grafts  were  studied  from 
these  \'iewpoLnts  or  from  the  standpoints  of  the  growth  and  perma- 
nence of  the  grafts. 
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Many  experiments  of  dislocation,  often  misnamed  transplantation  have  been 
reported,  as  the  experiments  of  Hedoni  of  pulHng  the  organ  through  an  abdom- 
inal wound  with  the  blood  supply  intact,  and  suturing  it  into  the  subcutaneous 
tissues.  Those  of  Liidke,'^  of  introducing  bits  of  spleen  into  the  spleens  of 
alien  species  of  animals,  are  not  related  to  our  problem,  since  heterotransplan- 
tation in  mammals  has  never  succeeded.  The  blood  vessel  suture  experiments 
of  Carrel^  also  have  no  bearing  on  the  questions  suggested  above. 

Brief  mention  of  our  first  observations  with  spleen  transplantation  was  made 
in  a  previous  paper.*  At  that  time  only  negative  results  with  both  auto-  and 
homoiotransplantations  had  been  obtained. 

EXPERIMENTAL. 

We  now  wish  to  report  the  end-results  of  a  series  of  transplanta- 
tions made  more  than  a  year  ago.  Twelve  attempts  at  homoio- 
transplantation  and  six  attempts  at  autotransplantation  were  made 
on  fifteen  rabbits.  The  more  important  data  relating  to  each  experi- 
ment are  given  in  Table  I. 

Method. 

The  method  employed  is  the  same  as  that  used  by  us  in  the  trans- 
plantation of  ductless  gland  tissues,  and  consists  of  transferring  small 
sections  of  the  spleen  of  about  2  mm.  in  their  greatest  dimension 
under  strict  aseptic  precautions.  Alcohol  and  bichloride  of  mercury 
were  used  instead  of  iodine  for  skin  sterilization,  because  it  is  neces- 
sary to  control  the  intake  of  iodine  whenever  the  thyroid  may  be 
involved  directly  or  indirectly  in  the  experiment.  After  making  a 
transverse  abdominal  skin  incision  about  2  cm.  in  length,  the  sub- 
cutaneous fascia  is  hfted  with  fine  forceps,  punctured  with  a  cataract 
knife,  the  tissue  introduced,  and  the  fascial  opening  closed  with  a 
black  silk  ligature,  which  also  serves  to  mark  the  site  for  subsequent 
examinations. 

1  Hedon,  E.,  Transplantation  sous-cutanee  de  la  rate,  Compt.  rend.  Soc.  biol., 
1899,  vi,  560. 

^Ltidke,  H.,  Ueber  Milztransplantationen,  Miinch.  med.  Woch.,  1909,  Ivi, 
1469. 

.^Carrel,  A.,  Remote  Results  of  the  Reimplantation  of  Kidney  and  Spleen, 
J.  Exp.  Med.,  1910,  xii,  146. 

^Manley,  0.  T.,  and  Marine,  D.,  Transplantation  of  Ductless  Glands  with 
Reference  to  Permanence  and  Function,  /.  Am.  Med.  Assn.,  1916,  Ixvii,  260. 
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The  spleen  was  completely  removed  at  the  time  of  transplantation 
in  the  group  of  autotransplants,  while  in  all  the  homoiotransplants 
it  was  removed  some  time  (from  112  to  24  days,  in  the  majority 
about  40  days)  before  transplantation.  This  is  probably  too 
long  a  time  inter\al  to  include  a  possible  advantage  to  the  transplant 
that  might  accrue  from  a  splenic  Insufficiency,  since  Musser  and 
Knimbhaar^  and  others^  have  shown  that  certain  animals  (dogs) 
usually  begin  to  recover  from  the  systemic  effect  of  splenectomy,  as 
indicated  by  the  erythrocyte  counts,  in  3  to  4  weeks. 

It  has  been  definitely  estabhshed  that  a  physiological  insufficiency 
markedly  influences  the  growth  of  autotransplants  of  the  ductless 
glands,  but  it  does  not  influence  to  any  extent  the  taking  of  the 
transplants.  Likewise  with  homoiotransplants  there  is  no  evidence 
that  an  induced  physiological  insufficiency  modifies  the  taking.  Sex 
also  does  not  influence  the  taking,  growth,  or  rate  of  destruction  of 
the  transplanted  tissue.  The  thyroid  was  removed  in  every  instance 
but  one  at  the  time  of,  or  shortly  before  transplantation  without  any 
influence  on  the  taking  or  growth  of  the  spleen  grafts.  Removal  of 
the  th>Toid,  ovaries,  and  spleen  at  one  time,  with  immediate  auto- 
transplantation  in  one  animal,  was  without  effect. 

Homoiotrans  plantation. 

Direct  and  microscopic  examinations  were  made  in  three  cases 
on  the  14th,  15th,  and  17th  days,  while  in  the  remaining  ones  it  was 
delayed  for  2  or  more  months.  Only  in  one  instance,  the  14  day 
transplant,  was  there  definite  splenic  tissue  remaining,  and  in 
this  only  the  lymphoid  tissue  and  trabeculae  could  be  recognized. 
The  one  outstanding  difference  between  the  spleen  and  other  tissue 
transplants  is  the  marked  early  connective  tissue  reaction  resembling 

'Musser,  J.  H.,  Jr.,  and  Knimbbaar,  E.  B.,  The  Relation  of  the  Spleen  to 
Blood  Destruction  and  Regeneration  and  to  Hemolytic  Jaundice.  VT.  The 
Blood  Picture  at  Various  Periods  after  Splenectomy,  /.  Kvp.  Med.,  1913.  xviii, 
487. 

'  Sollberger,  H.,  Beitrage  zur  Physiologie  der  Driisen.  XIX.  Fortgesetzte 
Beitrage  zur  Lehre  von  der  Funktion  der  Milz  als  Organ  des  Eiweissstoffwech- 
sels.  Uber  die  Kompensationsvorgange  nach  Milzexstirpation.  Biochetn.  Z.. 
1913,  Iv,  13. 
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the  granulation  tissue  formation  seen  in  chronic  inflammation.  Infec- 
tion from  organisms  in  the  spleen,  however,  is  not  probable,  as  only- 
normal  spleens  from  rabbits  with  no  evidence  of  acute  infection  were 
used.  It  is  more  probable  that  the  splenic  tissue  when  transferred 
to  the  subcutaneous  fascia  is  an  active  irritant.  The  studies  of 
Carrel^  on  the  effect  of  tissue  extracts  on  the  growth  of  connective 
tissue  in  vitro  are  of  interest  in  this  connection.  He  found  that 
adult  spleen  extracts,  thyroid  extracts,  and  the  Rous  chicken  sarcoma 
extract  markedly  accelerated  the  proliferation  of  connective  tissue. 
Our  observations  on  the  irritant  effect  of  spleen  grafts  confirm  his 
observations.  The  effect  is  present  in  auto-  as  well  as  homoiografts, 
though  perhaps  the  homoiografts  excite  a  slightly  greater  connective 
tissue  reaction.  Carrel  also  found  that  thyroid  extracts  excite  in  the 
living  animal  an  even  more  marked  connective  tissue  proliferation 
both  in  heahng  skin  and  periosteum  wounds.  We  have  been  unable 
to  detect  an  excessive  connective  tissue  proliferation  around  thyroid 
grafts.  It  would  seem,  as  suggested  by  Carrel,  that  spleen  extracts 
could  be  used  to  promote  the  granulation  of  wounds. 

Autotrans  plantation. 

Four  transplants  were  examined  on  the  8th,  11th,  and  13th  days, 
respectively.  All  were  positive  and  seemingly  active.  The  8th, 
11th,  and  one  13th  day  transplants  were  removed  for  histological 
examination.  In  contrast  with  the  homoiotransplants,  examined 
after  approximately  the  same  period,  all  were  positive  with  well 
established  blood  suppHes  and  central  necrosis,  and  the  peripheral 
zone  of  pulp,  lymphoid,  and  trabecular  tissues  was  distinct.  There 
was  also  the  same  connective  tissue  reaction  seen  in  the  homoio- 
transplants. 

Of  the  three  transplants  examined  at  the  65th,  67th,  and  80th  days, 
complete  absorption  leaving  large  white  scars  at  the  sites  had  occurred 
in  two,  while  in  the  third  (Rabbit  14)  a  dark  red,  sharply  circum- 
scribed mass  appeared,  the  size  of  a  small  wheat  kernel.  There  were 
several  large  vessels  entering  it,  and  except  for  its  darker  color  it  could 

^  Carrel,  Artificial  Activation  of  the  Growth  in  Vitro  of  Connective  Tissue, 
/.  Exp.  Med.,  1913,  x\ni,  14. 
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easily  have  been  mistaken  for  an  autothyroid  transplant.  We  did  not 
remove  it,  and  it  was  recovered  at  autopsy  325  days  after  transplan- 
tation, the  rabbit  having  died  of  acute  pneumonia  and  pleurisy. 
Grossly,  the  transplant  measured  4  by  2.5  by  2  mm.,  and  was  dark 
bluish  red  in  color.  It  had  evidently  reached  its  maximum  growth 
before  the  first  examination  on  the  67th  day,  since  it  was  not  notice- 
ably larger  on  the  325th  day  than  at  the  first  examination.  This 
could  be  interpreted  as  evidence  that  its  growth  had  occurred  in 
response  to  a  physiological  insufficiency  during  the  time  when  other 
tissues  were  assuming  the  function  lost  through  removal  of  the 
spleen. 

Microscopic  examination  reveals  typical  congested  splenic  tissue 
embedded  in  striped  muscle  and  marmnary  gland.  The  capsule  is 
very  thick  as  compared  with  transplants  of  ovary,  parathyroid, 
thyroid,  or  adrenal,  and  several  connective  tissue  bands  extend  from 
the  capsule  to  the  surrounding  muscle  fascia.  Many  large  vessels 
run  in  the  outer  layer  of  the  capsule.  Small  trabeculae  also  extend 
throughout  the  gland  parenchyma.  Their  numbers  are  the  same 
that  one  finds  in  the  normal  spleen,  while  their  size  is  proportional 
to  the  size  of  the  organ.  No  attempt  was  made  to  demonstrate  the 
presence  or  absence  of  smooth  muscle  fibers  in  the  capsule  and  trabec- 
ulae and  no  studies  on  the  reticulum  have  been  made.  In  some 
sections  one  can  see  as  many  as  sixteen  well  defined  Malpighian 
bodies  with  the  characteristic  central  artery  and  radial  capillary 
system.  These  Malpighian  bodies  are  surrounded  by  typical  splenic 
pulp  with  large  highly  congested  sinuses.  In  places  there  are  deposits 
of  the  yellowish  brown  blood  pigment  usually  seen  in  the  normal 
spleen  pulp.  We  have,  therefore,  to  deal  with  a  small  newly  formed 
spleen  developed  in  an  entirely  foreign  field  as  regards  its  location, 
nerves,  and  blood  vessel  relations.  It  has  aU  the  characteristics  of 
the  normal  spleen  in  as  far  as  these  have  been  investigated,  both  as 
to  the  number  of  its  component  structures,  capsule,  trabeculae,  Mal- 
pighian bodies,  pulp,  sinuses,  and  blood  pigment,  and  their  relation 
to  each  other.  The  trabeculae  are  proportional  to  the  size  of  the 
organ,  while  aU  the  other  structures  are  of  normal  proportions,  sug- 
gesting that  the  trabeculae  play  a  purely  mechanical  part.  The 
capsule  is  still  relatively  much  thicker  than  that  of  the  normal  spleen, 
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and  it  seems  probable  that  this  is  due  to  the  enormous  proliferation 
of  the  connective  tissue  which  takes  place  around  the  graft  very 
early  (within  2  weeks) ,  and  also  that  this  tends  to  return  to  relatively 
more  normal  proportions  through  absorption  as  the  connective  tissue 
becomes  adjusted  to  its  new  neighbor.  One  of  the  striking  facts, 
then,  is  that  the  regeneration  involves  all  the  structures  in  such  a 
way  that  both  their  normal  proportions  and  arrangements  are  wholly 
retained.  This  would  suggest  a  fairly  uniform  vitahty  for  all  the 
component  parts  as  well  as  a  close  functional  interrelation.  It  may 
be  recalled  that  in  the  adrenal  the  cortical  cells  readily  survive,  while 
the  medullary  cells  invariably  die,  at  least  in  our  experience.  When 
one  recalls  that  in  the  thyroid  only  a  narrow  peripheral  zone  of  three 
or  four  cells  in  thickness  survives  the  transfer  and  that  the  whole 
interior  portion  undergoes  necrosis,  it  is  of  much  more  significance 
that  a  fully  regenerated  organ  should  develope  after  transplantation 
of  splenic  tissue  than  in  the  case  of  such  tissues  as  the  thyroid  or 
parathyroid  which  contain  but  a  single  specialized  tissue. 

The  regeneration  of  Malpighian  bodies  is  also  of  interest.  Why 
does  the  lymphoid  tissue  not  regenerate  around  the  regenerated 
arteries  running  in  the  capsule  and  trabeculas  as  well  as  in  those  of  the 
interior  of  the  lobule?  The  best  studies  on  the  taking  of  engrafted 
tissues  indicate  that  the  host  supplies  the  new  blood  vessels  to  the 
transferred  tissue  rather  than  that  it  utilizes  the  possible  surviving 
fragments  in  the  graft.  It  is  difiicult  to  harmonize  this  with  the 
known  fact  that  the  intralobular  arteries  of  even  a  regenerated 
spleen  develop  this  envelope  of  lymphoid-like  cells.  Either  the  ves- 
sels must  be  specific,  which  does  not  seem  probable,  or  the  lymphoid- 
like  cells  are  specific  in  that  they  control  and  determine  the  blood 
vessel  arrangement.  If  this  is  the  case,  we  have  proof  that  the 
Malpighian  bodies  represent  a  different  type  of  lymphoid  tissue, 
functionally  as  different  from  ordinary  lymph  node  tissue  as  is  thymic 
tissue. 

The  same  questions  must  also  be  raised  in  connection  with  the 
development  of  the  spleen  sinuses  as  have  been  discussed  in  connec- 
tion with  the  formation  of  the  Malpighian  bodies.  The  careful  study 
of  an  appropriate  series  of  these  grafts  will  doubtless  give  valuable 
data,  both  as  to  the  normal  development  and  function  of  this  peculiar 
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organ.  The  survival  and  growth  of  the  pulp  cells  are  more  easily 
understood  and  the  process  is  probably  similar  to  that  of  other  single 
type  tissues. 

The  general  features  of  the  transplant  are  shown  in  the  accompany- 
ing photomicrographs  (Figs.  1,2,  and  3). 

SUMMARY. 

We  have  not  found  in  the  literature  a  report  of  an  instance  of 
permanent  homoio-  or  auto  transplantation  of  the  spleen,  or  of  the 
probably  closely  related  spleno-  and  hemolymph  glands.  Spleen 
autotransplants  with  considerable  difficulty  as  compared  with  thy- 
roid, parathyroid,  ovary,  or  adrenal  cortex.  This  may  be  due  to 
its  complex  anatomical  structure.  An  instance  of  a  permanent  auto- 
transplant  has  been  observed.  None  of  our  attempts  to  homoio- 
transplant  it  were  successful  beyond  the  usual  taking  and  persistence 
for  2  or  3  weeks,  common  to  all  homoiografts.  The  successful  perma- 
nent subcutaneous  autotransplantation  had  all  the  morphological 
characteristics  of  a  fully  differentiated  and  functionally  active  spleen. 
This  method  of  transplantation  would  seem  to  offer  a  means  of 
learning  more  of  the  normal  development,  regeneration,  and  function 
of  this  complex  tissue. 

EXPLANATION  OF  PLATE  54. 

Fig.  1.  Photomicrograph  of  the  325  day  spleen  transplant  (Rabbit  14),  show- 
ing adjacent  abdominal  muscle,  capsule,  and  general  characteristics.     X  20. 

Fig.  2.  Photomicrograph  of  the  same  transplant,  showing  the  structure.  X 
100. 

Fig.  3.  Photomicrograph  of  the  same  transplant,  showing  trabeculae,  pulp, 
and  a  Malpighian  corpuscle.     X  100. 
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Fig.  1. 


Fig.  2. 


Reprinted  from  the  Proceedings  of  the  Society  for  Experimental  Biology  and  Medicine, 
191 7,  xiv,  pp.  123-124. 
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Influence  of  age  on  the  permanence  of  subcutaneous  autografts 
of  the  spleen  in  rabbits. 

By  David  Marine  and  O.  T.  Mahley. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
Western  Reserve  University,  Cleveland,  Ohio.] 

We  have  removed  the  spleen  and  auto  transplanted  in  49 
rabbits,  varying  in  age  from  26  days  to  over  two  years. 

The  method  consists  of  introducing  a  small  fragment  of 
spleen,  roughly  2-3  mm.  in  diameter,  beneath  the  subcutaneous 
fascia  of  the  abdomen,  through  a  skin  incision  which  is  then 
closed  by  suture.  These  transplants  have  been  subjected  to 
direct  examination  at  approximately  monthly  inter\^als  to  check 
their  taking,  growth  or  absorption.  All  have  taken,  except  for 
three  instances  and  these  failures  were  due  to  infection.  The 
most  striking  observation  was  the  rapid  growth  of  the  grafts  in 
the  young  rabbits  from  one  to  three  months  old  and  the  lack  of 
growth  in  the  one-  and  two-year-old  rabbits,  some  of  which  have 
undergone  complete  absorption  in  three  months,  as  shown  by 
histological  examination.  On  the  other  hand,  none  of  the  trans- 
plants in  rabbits  less  than  five  months  old  have  shown  any  tend- 
ency to  undergo  absorption  and  histological  examination  shows 
regeneration  of  the  major  splenic  elements  into  normal  looking, 
encapsulated,  highly  vascular  little  spleens. 

We  have  not  been  able  to  complete  the  series,  with  rabbits  of 
known  ages,  between  the  period  of  sexual  maturity  (fifth  month) 
and  one  year.  The  marked  growth  and  activity  of  the  trans- 
plants in  young  rabbits  as  compared  with  the  lack  of  growth 
and  tendency  to  absorption  in  old  rabbits  may  be  a  part  of  the 
normal  growth  of  the  animal.  In  favor  of  this  view  is  the  fact 
that  further  growth  of  the  transplants  has  not  been  observed  after 
adolescence.  There  are  no  reports  of  differences  in  the  systemic 
effects  of   splenectomy  relative   to  age,  although  there   is  some 
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evidence  from  histological  studies  that  a  blood-forming  function 
is  present  in  early  life  and  absent  in  adults.  It  is  suggested  that 
the  age  differences  noted  in  the  growth  and  activity  of  spleen  auto- 
grafts in  addition  to  their  probable  relation  to  the  normal  growth 
of  the  animal  as  a  whole  may  also  be  related  to  the  loss  of  one 
of  the  spleen's  functions  in  early  life,  through  that  function  being 
assumed  by  another  tissue. 

The  ease  with  which  the  spleen  of  young  rabbits  can  be  auto- 
transplanted  into  the  subcutaneous  tissues  might  be  utilized  in 
the  study  of  its  reactions  or  in  chemical  examinations,  where 
multiple  or  control  spleens  in  accessible  locations  are  needed. 
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The  thjToid  offers  the  best  opportunity  of  any  gland  for 
studying  the  rate  of  formation  of  a  necessary  and  strictly  phys- 
iological hormone  because  the  easily  detected  and  estimated 
element  iodin  is  essential  in  its  formation,  and  because  it  is  easy 
to  obtain  glands  without  determinable  amounts  of  iodin,  and 
to  cause  such  glands  to  take  large  amounts  of  iodin  from  the  cir- 
culating blood  and  store  it  instantly  (1)  (2).  Iodin  thus  taken 
up  by  the  gland  has  been  shown  to  have  acquired  no  physio- 
logical activity  during  the  first  hour  (1),  as  determined  by  the 
exceedingly  sensitive  biological  test  of  Gudersnatch  (3), — the 
effect  on  tadpoles.  It  has  been  known  for  some  years  that 
striking  gross  and  microscopic  changes  can  be  recognized  in  the 
thyroids  of  dogs  after  thirty-six  hours,  and  also  that  such  glands 
exhibit  increased  pharmacological  activity.  It  seemed  there- 
fore a  simple  matter  of  obtaining  a  series  of  glands  exposed  to 
iodin  for  definite  periods  of  time  from  one  to  thirty-six  hours, 
to  determine  approximately  the  earliest  appearance  of  increased 
pharmacological  activity  as  determined  by  the  tadpole  test. 

The  object  of  this  paper  is  to  record  the  result  obtained  from 
the  feeding  of  such  a  series  of  thyroids  and  their  controls  to  tad- 
poles. The  thyroid  material  was  obtained  from  dogs  and  the 
experiments  have  been  published  (2)  in  table  form  in  connec- 
tion with  a  study  of  the  rate  of  absorption  in  \'ivo  of  KI  by 
thyroid  glands.  Eighteen  of  the  thirty-three  thyroids  have 
been  thus  studied. 
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HISTOLOGIC    CHANGES 

Sections  were  taken  from  the  control  and  iodized  lobes  of  all 
experiments  for  the  purpose,  first,  of  classification,  and  second,  of 
detecting  the  beginning  of  the  well-known  involuntary  changes 
in  the  gland  cells  of  hyperplasias  of  dogs'  thyroids.  It  has 
many  times  been  pointed  out  (4)  that  these  changes,  which  con- 
sist of  an  increase  in  the  stainable  colloid  and  a  shrinkage  in  the 
size  of  the  gland  cells  are  usually  quite  evident  thirty-six  hours 
after  the  administration  of  iodin  in  any  form  or  manner  so  far 
studied.  This  series  of  thyroids  has  afforded  the  opportunity 
of  studying  the  glands  for  these  changes  at  intervals  of  4,  8,  12, 
16,  20,  24,  and  30  hours  after  the  intravenous  injection  of  a 
constant  amount  (50  mgm.)  of  KI. 

The  earliest  period  in  which  definite  changes  were  detected 
was  in  the  20-hour  group  (it  will  be  recalled  that  the  increase  in 
thyroid  iodin  occurs  immediately  after  injection),  although  there 
was  a  suggestion  of  these  changes  in  a  lO-hom*  experiment. 
These  changes  are  necessarily  more  evident  in  the  more  marked 
hyperplasias,  and  as  there  was  but  one  advanced  hyperplasia  in 
five  16-hour  experiments,  and  one  in  four  20-hour  experiments, 
these  statements  are  based  on  but  two  favorable  cases.  Sec- 
tions were  made  from  the  formalin  fixed  tissue  after  embedding 
in  celloidin,  and  stained  with  hematoxyhn  and  eosin.  Compar- 
ing the  control  with  the  iodized  lobe,  there  are  three  definite 
differences:  (1)  more  stainable  colloid;  (2)  shght  shrinkage  in  the 
height  of  the  columnar  epithelium  and  (3)  a  corresponding  shght 
increase  in  the  size  of  the  follicular  spaces  in  the  iodized  lobe. 
These  differences  while  slight,  would  be  detected  by  any  one 
familiar  with  a  large  series  of  dogs'  thyroids  as  greater  than  one 
finds  in  untreated  glands  of  similar  time  differences. 

We  have  always  assumed  the  occurrence  of  these  changes  indi- 
cated a  physiological  rather  than  a  possible  physical  effect  of 
iodin,  and  the  discussion  of  the  pharmacological  activity  of  such 
thyroids  to  follow  will  show  how  closely  the  conclusions  based 
on  morphological  changes  agree  with  those  based  on  pharmaco- 
logical activity. 
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PHARMACOLOGICAL   STUDIES 


Tests  for  differences  in  the  pharmacological  activity  were 
made  after  the  plan  used  by  Lenhart  (5)  viz. :  of  using  white 
enamel  dishes,  each  containing  about  200  cc.  of  water  and  5  tad- 
poles. Tap  (lake)  water  w^as  used  and  changed  each  morning 
and  cA'ening.  Fifty  mgm.  of  dessicated  th>Toid  was  added 
every  second  day  and  left  ia  approximately  fifteen  hours.  Bits 
of  fresh  hver  (hog  or  sheep)  were  given  on  alternate  days.  All 
the  tadpoles  used  were  brought  to  the  laboratory"  May  13, 1916, 
stored  in  large  basins  and  fed  daily  with  fresh  hver  and  cracker 
meal.  Three  series  of  experiments  were  made.  The  dates  of 
starting  were  May  16,  May  24,  and  Jime  6. 

The  principal  data  have  been  arranged  in  the  following  table 
on  the  basis  of  the  number  of  hours  the  thyroids  were  exposed  to 
KI  before  removal  from  the  animal. 

The  most  striking  features  are  the  absence  of  any  difference 
between  the  effect  of  control  and  iodized  thyroids  of  the  4-hour 
"perfusions,"^  and  the  very  striking  difference  between  the  effect 
of  control  and  iodized  thyroid  of  experiment  16  of  the  30-hour 
"perfusions." 

In  experiment-s  4,  25,  9,  20  and  17  the  high  iodin  content  and 
the  high  pharmacological  activity  of  the  control  lobes  masked 
any  difference  that  might  exist  in  the  pharmacological  acti^'ities 
of  the  two  lobes. 

The  tadpole  as  an  indicator  is  so  sensitive  that  it  is  necessary 
to  have  control  lobes  of  very  low  activity.  The  series  includes 
several  favorable  experiments. 

No  definite  difference  between  control  and  iodized  lobes  could 
be  observ^ed  in  the  4-hour  perfusions.  In  the  8-hour  group  very 
shght  differences  in  acti\dty  can  be  detected.  This  we  inter- 
pret as  evidence  of  the  elaboration  of  the  injected  KI  into  the 
active  hormone.  In  the  16-  and  20-hour  groups  the  iodized 
thyroids  show  well  marked  increases  in  activity. 

1  Perfusion  is  used  in  this  connection  because  so  far  as  iodin-thyroid  effects 
are  concerned  injections  of  KI  into  the  circulation  are  identical  with  in  vitro 
perfusions  of  the  thyroid. 


DAVID  MARINE  AND  J.  M.  ROGOFF 


IX  ox 
aioaxHx  ,10 
aHQSo<rxa 


S  « 

o  S 

U  <! 

y  K 

£  O 

9  « 

2  « 


•s 


s  ^ 


u' 


S    d 


pa  a 


2  ■* 

fa  o 


fa  a 


s 


10  '^  10 


8     8 


8     <=> 


^  CO 


O      r^      O 
"^      ?.      <=> 


a 

CO      >>  GO 


^  s 


a,  ^ 


Ham 

O  fag 
H  H  O 
fa  o 


8     8 


ta 


8     8 


o 


ili  " 


>1  >^ 


<S     eS     S 


S  § 


S3    e3 


S  £  i  * 

Show 


THE   INTACT  THYROID    GLAND 


8 


:S 


o         g 

-H   ^    (M 


»o        O 

-^   ™<   IM 


sJ  S3 


03 


S 


ti  :ii  T3  ^  -T3 


O   lO    c   ■*    g 


8     8 


■*  ec         (N 


■*  CC  ■>! 


8     8 


£ 

"3 


8      S 


■*   CO  <M 


>.  2 


td     S3 


C 
3 
•-s 


S  S 


§  S 


DAVID    MARINE    AND   J.    M.    ROGOFF 


IX  OX 

aiOHAHX  AO 

aHQSodxa 

0      <N 

^ 

^ 

^ 

H  a 

^^ 

2  o 
Ok 
o  a 

"  a. 

fc      (M 

■•*                                CO 

oc 

CI 

cc 

d 

go 

1^ 

1— 1 

CO 

d 

8 

d 

0 

d 

d 

n 

11 

Hi: 

si 
a  ■< 

•73 

1 

1  g-sS-s 

S  -a  g  -^ 
05         <& 

(M   ^    O) 

0  "^  0  'C  0  '^ 

^.          t^          u 

oS            e3            c3 

s     a 

>        > 

s     s 

00     £    t^ 

H            S            2 

-*    >>  CO    >5  CO    >> 

03              0              S 
>              >              > 

o3            03 

0  H  »o  a 

2 

1 

i   i 

§     8 

a.                        cs 

•1    2c       cc   a 

(X         t-             0        t^ 

FIRST  SUOQESTIVB  EFFECT. 

NUMBER  OF  DAYS  AND  AMOUNT 

OF  THYROID  USED 

1 
1 

S     "         ^ 

1 

8 

8     S     S 

0           Q 

»c        0 

|>    •*         CO 
•0 

.^ 

■>#                     CO         c^         c^ 

TJH                 CO 

0 
1 

6 

1  8     S 

8 

I— 1 

1  ^      ^ 

CO 

0 

•z 

M 

a 

Ed 

0 
0 

s 

3 

n. 

fa 
0 

i 

a 

> 

' 

cc 

> 

si 

2 
> 

OS 

■i 

cc 

> 

oc 

CC 

> 

cs 

at 

a 

00 

1— (    1— 1 
1— ( 

I— (         1— 1 

1— ( 

t— 1         1— 1         1— 1 

1— ( 

1— 1               l-H 
1—1 

S  H  P 

b: 

t^ 

1— ( 

oc 

»o 

THE   INTACT   THYROID    GLAND  7 

The  most  marked  difference  in  activity  is  seen  in  experiment 
16,  a  30-hour  "perfusion."  There  the  iodized  lobe  shows  a  very- 
marked  effect  in  three  to  four  days,  while  the  control  lobe  fed 
in  equal  amounts  had  no  detectable  effect  during  ten  days. 

A  fact  of  considerable  interest  is  the  variation  noted  in  dif- 
ferent dogs  in  the  rate  of  formation  of  the  active  substance. 
These  variations  are  independent  of  such  gross  factors  as  the 
time  interval,  amount  of  KI  injected,  age,  sex  or  anatomical 
condition  of  the  gland.  It  is  suggested  as  a  possible  explana- 
tion that  the  variations  are  dependent  on  the  amount  of  the 
mother  substance  available  in  the  gland  in  a  given  period  with 
which  the  iodin  has  to  combine  in  order  to  become  physiologi- 
cally active. 

Something  possibly  similar  to  those  variations  are  the  well 
known  variations  in  the  action  of  iodin  clinically  in  cases  with 
goiter — notably  Basedow's  disease.  In  numerous  case  reports 
of  this  disease  where  iodin  has  been  given  in  one  form  or  another, 
great  variations  in  susceptibility  to  its  effects  have  been  noted. 
Sometimes  an  effect  resembling  that  of  dessicated  thyroid  may 
be  seen  in  twenty-four  to  thirty  hours  after  the  oral  adminis- 
tration of  iodin  while  not  infrequently  the  prolonged  use  of 
iodin  has  no  untoward  effects  on  metabolism  although  the  stor- 
age of  iodin  in  the  gland  is  similar  in  the  two  groups.  One  of 
the  authors  has  also  seen  many  instances  of  variations  in  the 
reaction  of  cases  of  Basedow's  disease  and  indeed  of  cases  of 
simple  goiter  to  iodin,  which  could  not  be  satisfactorily  ascribed 
to  differences  in  the  glands,  in  the  quantity  or  form  of  iodin 
administered,  in  the  quantity  of  iodin  stored  in  the  glands  or  to 
the  stage  of  the  disease. 

The  occurrence  of  variations  in  the  amoimt  of  the  hormone 
formed  in  dogs'  thyroids  under  conditions  of  relatively  constant 
gross  factors  suggests  that  the  long  known  human  variations 
may  be  of  a  similar  nature  and  dependent  on  variations  in  the 
quantity  of  the  organic  nucleus  with  which  the  iodin  is  bound. 

Another  fact  previously  known  is  of  interest  in  this  connec- 
tion since  it  is  probably  closely  related  to  variations  in  the  rate 
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of  formation  of  the  hormone.  We  refer  to  the  presence  of  the  two 
forms,  active  and  inactive,  in  which  the  iodin  is  held  in  the  gland. 

Kendall  (6)  has  shown  that  with  alkaline  hydrolysis  of  whole 
thyroid,  fraction  "a"  contains  the  pharmacologically  active 
iodin  while  the  iodin  in  fraction  ''b"  is  inactive.  Graham  (7)  has 
studied  samples  of  human  thyroid  with  high  iodin  contents 
showing  much  lower  pharmacological  activity  than  other  samples 
with  relatively  low  iodin  contents.  The  work  with  the  thyroid 
''perfusions"  has  demonstrated  clearly  that  the  iodin  is  taken  up 
very  rapidly  (in  a  few  seconds)  in  all  cases  and  definitely  fixed 
in  the  gland  so  as  to  withstand  ordinary  washing.  The  rate  of 
absorption  is  fairly  constant  for  glands  of  constant  types,  while 
as  above  mentioned  the  formation  of  the  pharmacologically 
active  iodin  is  very  slow  and  shows  wide  variations  in  different 
animals.  This  suggests  that  the  two  processes  are  distinct  and, 
as  mentioned  above,  that  the  rate  of  activation  of  the  iodin  is 
controlled  by  the  amount  of  the  chemical  nucleus  or  mother  sub- 
stance available  and  not  by  the  amount  of  iodin,  when  this  element 
is  present  in  ordinary  quantities.  It  is  not  profitable  at  this  time 
to  review  the  speculations  as  to  the  possible  chemical  nature  of 
this  mother  substance  beyond  stating  that  it  contains  an  aro- 
matic nucleus  and  may  be  a  tyrosin  or  tryptophane  derivative. 

In  the  light  of  the  facts  already  pointed  out  a  knowledge  of 
the  exact,  chemical  nature  of  this  substance  might  give  most 
valuable  leads  toward  explaining  certain  phases  of  pathological 
physiological  activity  of  the  thyroid  which  have  been  looked  for 
too  carefully  in  the  gland  itself. 

SUMMARY   AND   DISCUSSION 

Following  the  injection  of  50  mgm.  KI  into  the  circulation  one 
can  detect  definite  histological  changes  (always  involutionary) 
within  twenty  hours  in  favorable  cases.  The  more  marked  the 
hyperplasia  the  more  readily  they  are  detected.  Definite  dif- 
ferences in  the  pharmacological .  activity  of  control  and  iodized 
thyroid  lobes  can  be  detected  as  early  as  the  eighth  hour.  This 
difference  becomes  well  marked  by  the  twentieth  horn*.     These 
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facts  indicate  that  morphological  changes  are  closely  related  in 
time  and  dependent  upon  the  elaboration  of  the  iodin  contain- 
ing hormone  and  that  the  generally  held  view  that  involimtionary 
changes  in  the  gland  are  the  results  of  a  decrease  in  functional 
activity  of  the  thyroid  cells  and  a  storage  and  an  increase  of 
the  pharmacologically  active  principle- — the  iodin  containing  hor- 
mone— in  the  gland  is  essentially  correct. 

The  storage  of  iodin  in  the  thyroid  from  salts  of  this  element 
is  practically  instantaneous,  while  the  elaboration  of  the  hor- 
mone is  slow.  Comparisons  with  the  rate  of  formation  of  other 
physiologically  necessary  substances  of  a  comparable  nature  are 
at  present  not  possible.  In  the  case  of  the  suprarenal  gland 
recent  e\'idence  (8)  (9)  suggests  that  epinephrin  is  probably 
formed  more  rapidly. 

Whatever  the  rate  of  formation  of  the  active  substances  of 
other  ductless  glands  may  be,  it  is  probable  that  in  the  case  of 
the  thyroid  it  is  relatively  slow,  since  after  thirty  hours  only  a 
small  fraction  of  the  iodm  taken  up  in  as  many  seconds  is  trans- 
formed into  the  specific  hormone. 

Variations  in  the  rate  of  formation  of  the  active  substance 
when  taken  in  connection  with  the  normal  occurrence  of  iodin 
in  the  thjToid  in  both  an  active  and  an  inactive  form  suggest  the 
physiological  importance  of  the  mother  substance  with  which 
the  iodin  is  combined  and  the  value  to  further  work  in  the  fields 
of  physiology"  and  pathology  of  the  thyroid  which  a  definite 
knowledge  of  its  chemistry  might  have. 
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In  the  foUo\sing  report  we  have  recorded  the  results  of  the 
effects  of  the  products  of  alkaline  hydrolysis  of  the  thyroid  on 
tadpoles  (larvae  of  rana  pipiens).  The  products  were  prepared 
from  normal  ox,  normal  sheep  and  markedly  hyperplastic  lamb 
thyroids,  after  the  very  simple  method  introduced  by  Kendall 
(1)  (2).  He  has  designated  the  products  as  follows:  1,  product 
"A;"  2,  product  "B;"  3,  "Residue"  and  has  described  the  phar- 
macological action  of  these  products  in  man,  dogs  and  goats. 
Product  "A"  has  the  typical  action  of  desiccated  thjToid  of 
markedly  accelerating  metabolism.  Product  "B",  he  found  to 
have  a  specific  action  on  the  skin;  changing  a  dry  scaly  skin  to  a 
moist,  normal  condition  and  also  reUeving  certain  subjective 
symptoms  of  myxedema,  as  soreness  of  bones  and  joints  and 
heat  flashes.  Basinger  (3)  reported  the  absence  of  any  effect  on 
the  growth  curve  of  thyroidectomized  (cretin)  rabbits,  from  the 
use  of  product  ''B,"  while  product  "A"  had  the  characteristic 
accelerating  action  on  metaboHsm  noted  by  Kendall. 

lODIN   DETERMINATIONS   OF   PRODUCTS   USED 

lodin  determinations  were  made  on  the  whole  thyroid  sub- 
stance after  drying  and  extracting  with  gasoline  and  ether. 
The  iodin  contents  of  the  whole  sheep  and  whole  ox  thyroids  are 
approximately  those  usually  found  in  normal  glands  (4).  In  con- 
trast with  the  above,  we  obtained  a  batch  of  markedly  hyper- 
plastic and  enlarged  lamb  thyroids,  which  contained  no  demon- 
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strable  iodin.  These  three  batches  were  hydrolized  after  the 
method  of  Kendall,  and  iodin  determinations  made  on  the 
products  ''A"  and  ''B,"  and  the  ''Residue."  The  results  are 
given  in  Table  I, 

TABLE  I 


SOURCE    OF   THYROID 

IODIN 

PER    GRAM 

DESICCATED, 

FAT  FREE 

IODIN 

PER   ORAM 

PRODUCT   "a" 

IODIN 

PER   ORAM 

PRODUCT  "b" 

IODIN 
PER   ORAM 

"residue" 

Sheep  (normal) 

mgm. 

3.23 
2.15 
0.00 

mgm. 
17.92 
14.84 
0.00 

m-gm. 
1.51 
1.20 
0.00 

mgm. 

Ox  (normal) 

0  28 

Lamb  (hyperplastic) 

0.00 

It  is  of  interest  to  note  that  in  the  two  batches  containing 
iodin  that  the  products  contain  iodin  roughly  in  proportion  to 
the  iodin  content  of  the  whole  gland.  No  work  has  been  done 
to  ascertain  whether  these  proportions  of  iodin  in  the  three 
products  could  be  altered  by  feeding  iodin,  but  since  the  iodin 
taken  up  by  perfused  dog  thyroids  is  pharmacologically  inactive 
(5)  for  several  hours  and  becomes  active  very  slowly  (6),  it 
would  seem  that  feeding  iodin  must  alter  the  proportions. 

Effect  of  feeding  product  "A"^ 

The  data  are  given  in  Table  II  and  for  comparison,  the  effects 
of  the  corresponding  whole  glands  are  given  in  Table  III. 

Whole  ox  thyroid  fed  in  50  mgm.  doses  every  other  day  caused 
a  marked  loss  of  weight  in  2  days  and  definite  hind  legs  and 
front  leg  buds  were  present  on  the  6th  day.  In  one  series,  all 
were  dead  on  the  13th  day  and  in  another  on  the  9th  day. 
The  hyperplastic  lamb  thyroid  fed  in  hke  amount  had  no  in- 
jurious effect,  but  instead  caused  slightly  more  growth  than 
occurred  in  the  controls,  probably  due  to  the  additional  food 
value  of  the  thyroid. 

1  The  experiments  were  carried  out  as  follows :  Five  uniform  sized  tadpoles 
were  put  in  each  enamelware  dish  of  about  200  cc.  capacity;  fed  with  the  thyroid 
product  every  other  day  and  fresh  liver  on  alternate  days  and  the  water  (tap) 
changed  morning  and  evening  of  each  day. 
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Ox  thyroid  product  "A"  was  fed  to  3  series  in  10,  7.5  and  4 
mgm.  doses  given  every  other  day.  Definite  loss  of  weight  was 
noticed  in  2  days,  after  feeding  single  doses  of  10  and  7.5  mgm. 
The  group  getting  4  mgm.  doses  showed  effects  on  the  3d  day, 
after  8  mgm,  were  used. 

Comparing  the  effect  of  whole  ox  thyroid  with  the  effect  of 
product  ''A,"  it  is  seen  that  10  and  7.5  mgm.  of  product  ''A" 
induce  more  rapid  and  more  marked  emaciation  and  differentia- 
tion than  50  mgm.  of  the  whole  gland  (see  figures  1,  2,  3,  4  and 
5).  Four  milligrams  of  product  ''A"  also  induced  slightly 
more  marked  emaciation  than  50  mgm.  of  the  whole  substance. 
But  comparing  the  stages  of  differentiation  and  emaciation  and 
the  dates  of  first  and  last  deaths,  it  would  seem  that  the  4  mgm. 
is  very  nearly  the  equivalent  of  50  mgm,  of  the  whole  gland  as 
regards  pharmacological  activity.  These  effects  indicate  that 
the  hydrolytic  product  per  milligram  was  about  12  times  as 
active  as  the  whole  gland,  while  as  regards  iodin  content  it  is 
only  about  7  times  as  great.  Only  one  experiment  was  made 
with  product  ''A"  of  sheep  thyroid,  using  10  mgm.  These  tad- 
poles showed  more  marked  emaciation  than  those  fed  with  10 
mgm.  of, ox  thyroid  product  ''A,"  although  the  dates  of  the 
first  and  the  last  death  are  practically  the  same  in  each  series. 
The  more  marked  activity  of  the  sheep  thyroid  product  "A" 
than  of  ox  thyroid  product  ^'A"  can  be  associated  with  its 
higher  iodin  content. 

In  sharp  contrast  with  the  very  active  products  ''A"  of  ox  and 
sheep  thyroids  it  is  found  that  product  ''A"  of  the  hyperplastic 
lamb  thyroid  has  no  activity  when  fed  in  similar  doses  of  10 
mgm.,  although  feeding  was  continued  for  50  days.  This  was 
to  be  expected;  since  the  whole  gland  showed  no  pharmacologi- 
cal activity.  The  color  and  quantity  of  product  ''A"  obtained 
from  these  iodin-free  lamb  thyroids  was  approximately  the  same 
as  the  very  active  iodin-rich  products,  obtained  from  sheep  and 
ox  thyroids  (see  figures  1,  2,  3,  4,  5). 

In  addition  to  the  above  feeding  experiments  the  three  prod- 
ucts ''A"  were  injected  intraperitoneally  into  guinea  pigs,  in 
single  doses  of  50  mgm.,  to  test  for  any  acute  poisonous  action. 
No  symptoms  of  such  action  developed.  Second  injections  of  50 
mgm.  given- 33  days  later  likewise  caused  no  acute  reactions. 
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EFFECT  OF  FEEDING  PRODUCT  '*b" 

The  principal  data  of  this  series  are  given  in  Table  IV.  It  is 
seen  that  the  characteristic  thjToid  activity  shown  by  the  iodin- 
containing  products  "A"  is  absent.  Product  '*B"  is  a  gelati- 
nous, hygroscopic  substance,  which  contains  iodin  in  much  smaller 


Fk;.  5.  After  7  days  feeding  with  sheep  thyroid  product  '"A"  (iodin  content 
17.92  mgm.  per  gram),  in  10  mgm.  doses,  on  alternate  days.  Extreme  emacia- 
tion and  differentiation. 


quantities  than  product  ''A."  Ob\-iously  the  product  *'B" 
obtained  from  the  iodin-free  h\T>erplastic  lamb  thyroid  con- 
tained no  iodin. 

For  convenience  of  feeding  the  product  "B"  was  dissolved  in 
water  and  kept  on  ice.  In  the  first  series  the  substance  was  fed 
in  50,  100  and  150  mgm.  doses,  given  every  other  day  and  in  the 
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second  series  in  100,  200,  300  and  400  mgm.  doses,  given  every 
day.     Each  dose  remained  in  the  dishes  about  fifteen  hours. 

The  experiments  in  which  200  mgm.  or  more  were  given  daily, 
failed  because  in  such  amounts  bacterial  growth  and  putrefactive 
changes  developed  rapidly  at  room  temperature.  The  experi- 
ments where  smaller  amounts  were  used  also  showed  shght 
putrefactive  changes,  but  not  sufficient  to  kill  the  tadpoles.  A 
sUght,  gradual  loss  of  weight  was  noted  in  all  the  experiments 
and  it  was  slightly  greater  in  those  getting  150  mgm.  than  in 
those  getting  50  mgm.,  but  this  cannot  be  compared  with  the 
striking  effects  produced  by  the  product  "A"  or  the  whole 
thyroid  (when  iodin  is  present — see  figm-es  6,  7,  8,  9,  10  and  11). 
It  seems  more  reasonable  to  account  for  the  slight  loss  of  weight, 
either  on  the  basis  that  product  "B"  has  little  or  no  food  value 
or  on  the  injurious  effects  of  the  sUght  putrefactive  changes 
which  occurred  after  it  was  added  to  the  water  in  the  dishes. 
The  iodin  of  product  "B"  cannot  be  responsible  for  the  effect, 
since  the  product  '^B"  obtained  from  the  iodin-free  hj-perplastic 
lamb  th\Toids,  which  contained  no  iodin,  had  practically  the 
same  effect  as  the  products  which  contained  iodin.  Compari- 
son of  the  amoimt  of  loss  of  weight  and  the  duration  of  life  in  the 
experiments  where  products  ''B"  were  used  in  smaller  doses 
shows  that  the  iodin-free  product  ''B"  produced  a  sUghtly 
smaller  average  loss  of  weight  and  the  average  life  of  the  tad- 
poles was  slightly  longer  than  in  the  experiments  with  the 
product  "B"  from  ox  and  sheep  thjToids.  The  differences, 
however,  are  shght  and  might  well  be  explained  on  the  basis  of 
an  incomplete  separation  of  products  "A"  and  "B",  in  as  much 
as  the  process  is  somewhat  crude  and  it  is  possible  that  a  very 
small  amount  of  product  ''A"  mav  be  retained  in  the  product 
"B." 

From  the  CA-idence  at  hand,  however,  we  beheve  that  product 
''B,"  whether  or  not  it  contains  iodin,  has  no  specific  action  on 
tadpoles. 
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EFFECTS   OF   FEEDING    ''rESIDUE" 

Experiments  were  made  only  with  the  ''Residue"  from  ox 
thyroid.  The  ''Residue"  contained  0.28  mgm.  iodin  per  gram. 
It  was  fed  in  20  mgm.  doses,  given  every'  other  day.  The 
first  death  took  place  on  the  30th  day  and  the  experiment 
was  discontinued  on  the  50th  daj^  480  mgm.  of  the  substance 
ha\'ing  been  used.  Compared  with  the  controls,  no  differences 
either  in  weight  or  differentiation  could  be  recognized. 


FREE    HYPERPLASTIC    LAMB   THYROIDS,    ANT)    IODIZED 
BLOOD    PROTEIN    (iODALBIN) 

As  was  noted  above,  the  product  "A"  obtained  from  iodin- 
free  hyperplastic  lamb  thyroid  does  not  cause  the  characteris- 
tic thjToid  effects,  although  the  quantity  jdelded  and  the  physi- 
cal characteristics  were  the  same  as  those  of  the  highly  active 
products.  It  occurred  to  us,  that  possibly  the  "mother  sub- 
stance" with  which  the  iodin  must  unite  in  order  to  produce  the 
specific  "hormone"  was  contained  in  the  inactive  product,  and 
if  so,  it  might  be  possible  to  activate  it  by  artificial  iodization; 
somewhat  after  the  methods  used  for  iodizing  proteins,  suggested 
by  the  experiments  of  Kurajeff  (7)  and  others. 

The  iodization  was  carried  out  as  follows: 

The  substance  was  dissolved  in  2  per  cent  NaOH  and  warmed 
to  60°C.  At  this  temperature  iodin  crystals  were  gradually 
added  (with  occasional  agitation)  until  a  slight  excess  was  pres- 
ent, which  was  indicated  by  the  violet  color  imparted  to  the 
solution,  and  the  mixture  was  kept  on  a  water  bath  at  a  tem- 
perature between  50°  and  60°C.  for  2  hours.  It  was  then  allowed 
to  cool  and  stand  for  a  few  hours  (over  night).  The  product 
was  then  precipitated  by  the  addition  of  acid  (2  per  cent  H2SO4) 
and  after  filtration,  the  precipitate  was  washed  with  acidified 
(H2SO4)  alcohol  until  the  alcoholic  filtrate  no  longer  showed 
any  color  of  iodin.  The  precipitate  was  again  dissolved  in 
alkali  and  then  reprecipitated  with  acid  and  washed  with  acidi- 
fied alcohol  as  described  above.     This  process  of  dissohdng  in 
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alkali,  reprecipitating  with  acid  and  washing  with  alcohol  was 
repeated  four  times  (until  the  alcoholic  filtrate  was  entirely  free 
from  iodin  when  tested  with  starch  solution).  The  precipi- 
tate was  then  thoroughly  dried  in  a  desiccator.  The  resulting 
product  contained  52.29  mgm.  iodin  per  gram.  This  sub- 
stance was  fed  in  10  mgm.  doses,  given  every  other  day;  100  mgm. 
being  given  in  22  days.     No  evidence  of  a  thyroid-Uke  effect 

TABLE  V 
Effects  of  feeding  Iodized  Blood  Protein  {commercial  lodalhin) 
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I 

5 

6 

15 

22 

34 

85 

Marked  differentiation  and 
emaciation  in  11  days 

I 

2 

6 

6 

20 

27 

26 

Marked  differentiation  and 
emaciation  in  11  days 

I 

1 

11 

6 

24 

34 

17 

Marked  differentiation  and 
emaciation  in  16  days 

II* 

5 

4 

10 

12 

17 

40 

Complete  differentiation  in  12 
days 

II* 

2 

5 

4 

10 

20 

20 

Complete  differentiation  in  13 
days 

II* 

1 

g 

4 

15 

17 

8 

Emaciation  and  complete  dif- 
ferentiation in  16  days 

Control 

grac 

lual 

23 

Sacri 

Seed  oi 

1  39  day 

growth 

*  Series  II  experiments  were  started  ten  days  after  Series  I,  when  the  stock 
tadpoles  were  larger,  approaching  differentiation,  and  during  hot  weather. 

was  produced,  although  the  tadpoles  were  allowed  to  five  for  50 
days.  It  may  be  concluded  that  although  the  product  has  a 
great  affinity  for  iodin,  it  does  not  unite  with  the  specific  or- 
ganic nucleus  to  produce  the  hormone.  This  may  be  due  either 
to  the  absence  of  the  specific  nucleus  from  this  protein  product 
''A,"  or  though  present,  iodin  cannot  be  introduced  by  such  a 
procedure. 

It  has  been  shown,  however,  that  it  is  possible  to  combine 
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blood  protein  with  iodin  (Kurajeff  (7)  and  to  produce  a  com- 
pound which  has  a  marked  influence  on  tadpoles.  Morse  (8) 
found  that  feeding  ''lodalbin"  to  tadpoles  (a  commercial  prepa- 
ration corresponding  with  Karajefif's  iodized  blood  protein) 
caused  effects  similar  to  those  produced  by  thyroid,  although  egg 
albumin  iodized  in  the  same  way  gave  negative  effects.  Len- 
hart  (9)  observed  some  action  when  ''lodalbin"  was  fed  and  sug- 
gested that  it  might  be  due  to  the  toxic  effects  of  iodin,  since 
this  preparation  has  a  high  iodin  content  (about  21  per  cent)  in 
loose  combination.  He  observed  early  tail  absorption  and 
emaciation,  but  on  account  of  disease  complications  he  was 
unable  to  conclude  definitely  that  the  substance  had  a  thyroid- 
Uke  action.  We  have  made  two  series  of  experiments  with 
"lodalbin"  and  the  principal  data  are  given  in  Table  V. 

The  substance  was  fed  in  5,  2  and  1  mgm.  doses  on  alternate 
days  in  order  to  prevent  the  acute  poisonous  effects  when  ad- 
ministered in  larger  amounts  and  also  to  make  the  dose  corre- 
spond more  closely  as  regards  iodin  content,  with  the  doses  of  the 
thyroid  products.  In  the  above  table  it  is  seen  that  there  is  a 
distinct  effect  in  both  Series  I  and  Series  II.  Series  I  being 
younger,  reacted  sUghtly  slower  than  Series  II  to  similar  doses. 
The  reactions  roughly  vary  according  to  the  dosage  used,  al- 
though there  is  practically  no  difference  between  the  experi- 
ments where  doses  of  5  and  2  mgm.  were  used.  The  shortest 
time  interval  before  definite  effects  were  observed  was  6  days 
for  Series  I  and  4  days  for  Series  II.  Marked  emaciation  and 
differentiation  occurred  with  all  doses,  the  earUest  instance 
being  11  days.  In  compai'ing  these  results  with  those  obtained 
from  feeding  iodin-containing  thyroid  or  products  '*A"  the 
only  difference  that  could  be  made  was  the  more  rapid  effect 
of  the  thyroid  products,  leading  to  earlier  emaciation,  differen- 
tiation and  death. 

These  observations  confirm  the  reports  by  Lenhart  and  by 
Morse,  that  "lodalbin"  has  a  marked  activity  and  also  we  can 
confirm  Morse's  statement  that  the  effect  of  ''lodalbin"  on  tad- 
poles is  similar  to  that  produced  by  whole  thyroid  or  its  products. 
Since  the  action  of  ''lodalbin"  on  tadpoles  is  similar  to  that  of 
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thyroid,  the  question  arises  whether  the  iodin  complex  deter- 
mining the  activity  of  ''lodalbin"  is  not  chemically  identical 
with  that  of  the  thyroid.  As  all  the  evidence  at  present  avail- 
able indicates  that  the  thyroid  iodin  is  contained  in  an  aromatic 
nucleus  derived  either  from  tryptophane  or  tyrosin,  it  is  pos- 
sible that  in  the  artificial  iodization  of  the  blood  proteins  after 
the  method  of  Kurajeff  an  iodin  compound  similar  to  that  in  the 
thyroid  might  be  produced. 

SUMMARY 

Hydrolysis  of  whole  thyroid  after  the  method  of  Kendall, 
concentrates  the  substance  producing  the  characteristic  meta- 
bohc  effect  of  thyroid.  Kendall  designates  this  substance 
product  "A."  The  iodin  contents  of  the  products  we  obtained 
were  about  6-7  times  as  high  as  those  of  the  whole  glands  and 
the  pharmacological  activity  approximately  12  times  as  great. 
The  activity  of  product  "A"  is  proportional  to  the  iodin  con- 
tent. Product  "A"  does  not  produce  symptoms  of  poisoning 
in  guinea  pigs,  when  introduced  intraperitoneally. 

It  has  long  been  known  that  the  activity  of  whole  thyroid  is  in 
general  proportional  to  its  iodin  content  and  also  that  iodin-free 
thyroid  is  inactive  and  we  have  shown  that  an  iodin-free  product 
"A"  is  also  inactive.  Attempts  to  activate  it  by  artificial 
iodization  were  negative.  Product  ''B"  and  the  ''Residue," 
although  they  contain  iodin  are  apparently  inactive.  The 
slight  loss  of  weight  of  the  tadpoles  noted  in  most  of  the  experi- 
ments might  be  due  to  incomplete  hydrolysis  or  incomplete 
separation  of  product  ''A,"  in  as  much  as  the  method  is  a  crude 
one.  This  method  of  hydrolysis  has  afforded  an  additional 
means  of  estabhshing  the  fact  that  the  thyroid  normally  con- 
tains both  active  and  inactive  iodin  in  varying  amounts.  Our 
experiments  confirm  the  statements  of  Morse  and  of  Lenhart 
that  "lodalbin"  has  a  thyroid-like  action  on  tadpoles,  but  this 
action  takes  place  more  slowly. 
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The  treatment  of  conditions  due  to  physiological  inefficiency 
of  the  thyroid  gland  by  the  administration  of  preparations  of 
the  gland  has  given  the  thyroid  a  conspicuous  place  as  a  ther- 
apeutic agent.  Its  value  was  at  first  frequently  doubted,  as  a 
result  of  confficting  reports  of  the  results  obtained  by  its  admin- 
istration, but  as  the  structure  and  functions  of  the  gland  were 
investigated  it  became  known  that  the  physiological  efficiency 
of  the  thjToid  bore  an  intimate  relationship  to  its  iodine  content 
and  that  much  of  the  reported  uncertainty^  of  action  was  due 
to  the  use  of  products  poor  in  iodine.  The  value  of  this  gland 
as  a  therapeutic  agent  has  been  made  more  certain  by  stand- 
ardizing thyroid  preparations,  on  the  basis  of  their  iodine 
content. 

It  is  known  that  the  iodine  content  of  the  thyroid  varies  with 
the  histological  structure  of  the  gland  (1)  and  that  the  physio- 
logical acti\dty  of  the  gland,  when  administered,  is  dependent 
upon  the  iodine  which  it  contains  in  combination  with  its  col- 
loid (1  and  2).  Marine,  in  1907,  \'isited  various  manufacturing 
plants  and  found  that  hjT)erplastic,  as  well  as  normal  glands, 
were  being  used  in  the  commercial  preparations,  and  he  called 
attention  to  the  necessity  of  determining  the  iodine  content, 
leading  to  the  adoption  of  the  iodine  standardization  by  all 
leading  manufacturers  and  in  the  United  States  Pharmacopoeia 
(ninth  revision). 
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IS  THE   IpDINE   CONTENT  AN   ENTIRELY   RELIABLE   INDEX   TO   THE 
THERAPEUTIC   VALUE    OF   THYROID   PREPARATIONS? 

The  iodine  assay  has  served  very  well  to  improve  the  grade  of 
physiologically-active  preparations  on  the  market  and  to  elim- 
mate  many  of  the  worthless  inert  products.  But,  since  "in- 
organic iodine"  does  not  serve  the  purpose  in  conditions  where 
"thyroid  iodine"  is  indicated,  it  is  clear  that  the  quantitative 
determination  of  iodine  in  a  thyroid  preparation  can  not  be  an 
entirely  rehable  index  of  its  activity,  for  it  is  a  simple  matter 
to  cause  a  hyperplastic,  therapeutically  worthless,  specimen  of 
thyroid  to  assay  any  amount  of  iodine,  by  simply  adding  iodine 
in  any  form. 

The  specific  affinity  of  the  thyroid  for  iodine  is  very  well 
known  and  it  has  been  shown  that  the  hyperplastic  gland  is 
capable  of  absorbing  large  amounts  of  iodine,  both  in  vivo  and 
in  vitro,  and  that  when  potassium  iodide  is  injected  into  the 
circulation  of  an  animal  with  hyperplastic  thyroid  glands,  the 
iodine  is  absorbed  by  the  gland  practically  as  soon  as  it  reaches 
the  gland  through  the  circulating  blood  (3  and  4). 

If,  a  short  while  before  being  killed,  a  goiterous  animal  re- 
ceives, in  its  food,  a  quantity  of  any  salt  of  iodine,  the  thyroid 
will,  of  course,  absorb  it  and  on  being  assayed  will  show  a  good 
iodine  content.  Although,  on  assay,  the  iodine  in  such  glands 
is  present  in  sufficient  quantities,  it  is  not  of  value,  when  ad- 
ministered, in  the  sense  of  "thyroid  iodine,"  as  an  activator  of 
metabolism,  as  in  the  normal  gland; 'for  it  has  been  shown  that 
the  iodine  so  absorbed  by  the  thyroid  requires  some  time  (about 
twelve  to  twenty  hours)  before  it  is  converted  into  the  active 
"thyroid  iodine"  or  the  "iodine-containing  hormone"  ol  the  thy- 
roid (5). 

In  fact,  the  iodine  of  normal  colloid  glands  is  not  entirely  in 
the  active  form.  Kendall  (6),  by  alkaline  hydrolysis,  has  ob- 
tained, from  thyroid,  three  iodine-containing  products,  only  one 
of  which  (product  A)  represents  the  essential  activity  of  the 
gland.  The  writer,  in  collaboration  with  Dr.  Marine  (7)  has 
recently  confirmed  that  product  A  represents  the  active  iodine 
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of  the  hydrolytic  products  of  thyroid  by  feeding  the  products 
to  tadpoles  and  further  noted  that  product  A,  when  obtained 
from  hyperplastic  (iodine-free)  thyroid,  was  artificially  iodized 
it  did  not  produce  the  specific  effect  upon  tadpoles  although  it 
contained  a  high  percentage  of  iodine. 

From  the  foregoing,  it  is  evident  that  standardization  of 
thjToid  by  determination  of  its  iodine-content  is  not  an  entirely 
rehable  indication  oi  its  therapeutic  value  and  that  a  method 
of  physiological  assay  as  a  supplement  or  substitute  for  the  pres- 
ent method  of  iodine  assay  is  very  desirable.  Such  a  method, 
to  be  useful,  must  of  course  be  simple  and  practical. 

Hunt  (8  and  9)  described  a  method  in  which  mice  w^ere  used 
as  the  test  objects,  and  found  that  feeding  of  thyroid  was  capable 
of  increasing  their  resistance  to  certain  poisons  (acetonitril). 
Ha\'ing  had  no  personal  experience  with  this  method,  I  am  not 
in  a  position  to  offer  comment  on  it,  but  since  the  author  found 
that  many  other  conditions,  such  as  a  large  variety  of  diets, 
feeding  of  most  of  the  glands  concerned  with  reproduction,  state 
of  nutrition  of  the  animal,  etc.,  were  capable  of  eliciting  effects 
similar  to  that  produced  by  thjToid  feeding,  although  not  as 
marked,  it  may  be  concluded  that  this  reaction  is  not  specific 
and  is  necessarily  variable. 

It  must  be  considered  that  since  the  thjToid  is  capable  of 
producing  very  marked  physiological  changes  in  an  animal,  it 
must  be  important  to  have  as  test  objects  animals  whose 
thyroid  glands  are  constant  as  regards  their  structure  and  physi- 
ological state  of  efficiency.  Indeed,  Hunt  indicates  that  the 
thyroid  and  other  iodine  compounds,  which  he  tested  by  this 
method,  may  act  through  their  influence  upon  the  animals  thy- 
roid glands.  Since  the  thjToid  gland,  of  all  organs,  is  the  one 
most  subject  to  variations  in  structure  and  function,  it  seems 
Hkely  that  this  method  must  jdeld  results  varying  considerably 
with  the  condition  of  the  thyroids  of  the  test  animals.  How- 
ever, the  method  has  apparently  given  good  results  in  the  hands 
of  its  author,  and  his  conclusions  are  similar  to  those  obtained 
by  the  method  employed  by  me. 

For  example,  it  was  found  by  Hunt  and  Seidell  (10)  that  iodine 
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must  be  in  proper  combination  in  the  thyroid  to  be  physiolog- 
ically effective  and  that  the  therapeutic  efficiency  of  the  thy- 
roid is  in  direct  proportion  to  the  amount  of  iodine  in  such 
combination. 

The  remarkable  specific  effect  on  tadpoles  of  thyroid  feeding, 
described  by  Gudernatsch  (11)  is  extremely  dehcate  and  can  be 
easily  observed. 

Lenhart  (12)  showed  that  desiccated  thyroid  when  fed  to 
tadpoles  causes  effects  on  their  growth  and  differentiation  in 
proportion  to  the  quantity  fed  and  the  amount  of  iodine  present, 
and  indeed,  he  suggests  that  this  sensitive  reaction  might  serve 
as  a  biological  test  for  the  activity  of  the  thyroid,  superior  even 
to  chemical  methods. 

As  mentioned  earlier  in  this  paper,  we  further  found  with  the 
tadpole  test  that  not  only  is  the  effect  in  proportion  to  the  amount 
fed  and  the  amount  of  iodine  present  in  the  gland,  but  that  only 
the  iodine  in  proper  combination  is  capable  of  eliciting  the  specific 
effect.  This  result  was  the  basis  for  the  elaboration  of  the 
method  of  standardization  described  in  this  paper. 

Seven  specimens  of  thyroid  were  obtained  in  retail  prescrip- 
tion pharmacies,  and  were  represented  by  the  following  products:^ 
Parke,  Davis  and  Company  (tablets  and  capsules),  Armour  and 
Company  (powder),  Burroughs- Wellcome  Company  (tablets), 
Mulford  and  Company  (tablets),  and  The  Phospho- Albumen 
Company^  (powder).  A  specimen  of  desiccated  cattle  thyroid, 
extracted  with  gasoline  and  ether,  which  was  prepared  in  this 
laboratory  from  glands  carefully  selected  as  normal  (from 
gross  appearance)  by  Dr.  Marine  and  myself,  and  having 
an  iodine  content  of  0.215  per  cent  (assayed  by  Dr.  Marine), 
was  used  as  a  standard.  This  preparation  had  previously  been 
used  for  other  investigations  in  this  laboratory  and  its  products 
of  hydrolysis  had  been  studied.     This  increases  its  reliability  as 

1  The  firm  names  are  given  for  the  purpose  of  identification.  It  must  be  re- 
membered that  the  preparations  were  bought  in  the  retail  market  and  are  there- 
fore of  uncertain  age,  and  also  that  this  test  has  not  been  in  use  by  commercial 
firms. 

-  The  druggist  had  this  preparation  in  stock  a  very  long  time,  being  uncertain 
of  its  age. 
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a  standard.  The  product  A  of  this  specimen  of  thyroid  contained 
1.48  per  cent  of  iodine,  product  B,  0.12  per  cent,  and  the  residue 
0.028  per  cent.  The  amount  ol  product  A  obtained  was  about 
one-eighth  of  the  weight  of  the  total  amount  of  thjToid  hydro- 
lyzed.  This  indicates  that  in  this  specimen  there  is  at  least 
about  15  per  cent  of  inactive  iodine,  since  only  product  A  repre- 
sents the  activ-ity  of  the  preparation.  Indeed,  product  A  showed 
an  acti\dty  about  twelve  times  as  great  as  the  th^Toid  from  which 
it  was  obtained,  although  its  iodine  content  was  only  seven  times 
as  great,  again  indicating  that  a  substantial  proportion  of  the 
thyroid  iodine  was  inactive. 

DETAILS   OF   METHOD 

A  stock  of  tadpoles  (larvae  of  Rana  pipiens)  was  brought  to 
the  laboratory  on  May  26,  1917,  and  placed  in  large  basins  of 
tap  water  on  tables  in  an  airy  and  well  lighted  room.  The  stock 
tadpoles  were  fed  with  fresh  hver  on  alternate  days  and  the 
water  changed  daily,  or  on  hot  daj's  U\ice  daily.  From  the 
stock  were  selected  a  number  of  tadpoles  of  uniform  size  and 
these,  were  placed  in  small  enamelware  dishes  of  about  200  cc. 
capacity,  each  dish  being  about  three-fourths  full  of  tap  water 
and  containing  five  tadpoles.  The  same  plan  of  feeding  was 
carried  out  as  was  followed  by  Lenhart.  Each  series  was  studied 
in  duplicate.  The  water  in  these  dishes  was  changed  t^^'ice 
daily,  the  tadpoles  were  fed  fresh  liver  every  other  day  and  the 
thyroid  (in  a  moderately  coarse  powder)  was  fed  on  the  alternate 
days.  It  was  found  convenient  to  feed  the  liver  about  two  or 
three  hours  before  the  second  change  of  water,  so  that  it  would 
not  remain  in  the  dishes  over  night,  thus  preventing  putrefac- 
tion in  hot  weather.  The  thyroid  was  fed  after  the  second  change 
of  water  and  remained  in  the  dishes  until  the  next  morning, 
when  the  water  was  changed  and  the  dishes  rinsed  thorouglily. 
Along  vdih  each  series  were  placed  three  dishes,  each  containing 
five  tadpoles,  these  ser^-ing  as  controls.  The  controls  were  given 
only  liver  on  alternating  days  and  their  water  was  changed  t^^ice 
daily.     The  dishes  were  placed  in  duphcates  upon  long  tables  in 
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1 

a  large  room,  which  was  well  ventilated  and  free  from  chemical 
fumes.     The  light  in  the  room  was  good. 

A  preUminary  series  was  observed,  to  form  a  general  idea  of 
the  approximate  comparative  values  of  the  different  prepara- 
tions. In  this  set,  which  was  started  on  May  29,  1917,  the  tad- 
poles were  fed  with  60,  30,  10,  5  mgm.  doses  of  each  prepara- 
tion. Having  ascertained  the  relative  effects  of  the  various 
products,  another  series  was  started,  on  June  6,  1917,  the  doses 
being  reduced  to  30,  10,  5,  2  mgm.,  it  being  found  that  60  mgm. 
was  too  high  a  dose  to  give  comparative  results,  as  the  action 
produced  was,  in  most  cases,  too  rapid.  A  tabulation  of  the 
notes  of  this  series,  in  condensed  form,  is  given  in  table  1. 

A  third  series,  with  doses  of  20,  10,  5  mgm.  was  started  on 
Jime  20,  1917,  with  older  tadpoles  and  gave  results  closely  corre- 
sponding to  the  second  series.  It  was  found  that  the  best  re- 
sults were  obtained  with  tadpoles  somewhat  older  (two  to  four 
weeks)  than  those  employed  in  the  first  series  (seven  to  ten  days) . 
The  effect  was  most  easily  demonstrated  in  tadpoles  whose  bodies 
Were  about  6  to  8  mm.  in  length. 

The  estimation  of  the  physiological  activity  is  easily  done 
by  observing  the  dose  and  time  required  for  a  certain  effect  on 
differentiation  and  growth  to  become  manifest.  It  is  a  simple 
matter  to  determine  the  amount  of  a  given  preparation  of  thy- 
roid necessary  to  produce  a  like  effect  in  the  same  time.  Phys- 
iological methods  of  assay  cannot,  at  best,  be  as  accurate  as 
chemical  methods.  However,  a  difference  of  more  than  10  per 
cent  of  tKe  active  iodine  could  be  easily  detected  by  this  method 
and  it  is  certainly  not  important  to  determine  the  physiological 
value  of  a  therapeutic  agent  of  this  type  to  a  closer  degree  than 
about  10  per  cent.  The  relative  values  of  the  different  prepara- 
tions are  expressed  in  the  table  with  reference  to  the  cattle 
thyroid  preparation  taken  as  100. 

It  will  be  seen  from  the  results  tabulated  that  the  effects  pro- 
duced by  specimen  G  is  roughly  in  proportion  to  its  iodine  con- 
tent and  also  that  specimen  F,  which  contained  the  same  amount 
of  iodine  as  the  active  specimens,  produced  an  effect  equal  to 
only  about  one-half  the  effect  of  the  standard,  while  specimen  H 
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showed  a  very  low  activity  in  comparison  with  its  iodine  content. 
This  again  emphasizes  the  fact  that  the  value  of  thyroid  is  in  pro- 
portion, not  to  its  total  iodine,  but  to  the  iodine  in  combination. 
The  possible  objection  to  this  method  may  be  made  that  tad- 
poles are  not  available  at  all  times  of  the  year.  Since  the  growth 
and  development  of  the  stock  tadpoles  can  be  retarded  for  a 
relatively  long  period,  by  keeping  them  in  a  cold  place,  it  is 
possible  to  utihze  nearly  all  of  the  summer  months  for  this  kind 
of  work  and  it  is  probable  also  that  by  raising  tadpoles  and  frogs 
on  a  large  scale,  it  might  be  possible  to  regulate  temperature 
and  other  conditions  so  that  tadpoles  could  be  available  during 
a  greater  part  of  a  year.  At  any  rate,  stock  of  thyroid  accumu- 
lated in  the  winter  would  be  available  for  assay  during  the 
proper  period,  since  it  would  not  change  if  kept  with  reasonable 
precautions. 

SUMMARY 

A  method  is  described  in  which  the  specific  action  of  thyroid 
upon  tadpoles  is  used  to  assay  the  physiological  value  of  com- 
mercial thyroid  preparations. 

Of  seven  products  purchased  in  retail  drugstores,  two  indi- 
cated about  20  per  cent  more  activity  than  a  standard  prepara- 
tion, two  were  equal  in  value  to  the  standard,  one  somewhat 
more  than  50  per  cent  of  the  standard,  one  less  than  50  per  cent, 
and  one  was  a  practically  worthless  preparation — being  only 
about  10  to  20  per  cent  of  the  value  of  the  standard. 
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In  1912  and  1914  Gudematsch^  published  the  results  of  his  experiments  on 
feeding  th>Toid  and  other  animal  tissues  to  tadpoles.  He  concluded  that  thyroid 
has  the  "power  to  excite  differentiation,  but  it  lacks  the  power  to  cause  growth." 
He  used  for  these  experiments  fresh  thyroid  glands,  the  iodine  content  of  which 
was  not  determined. 

In  1914  Lenhart^  carried  out  experiments  along  the  same  line  as  regards  the 
thyroid,  using  for  this  purpose  desiccated  human,  canine,  sheep,  and  ox  thyroids 
with  iodine  determinations  on  each  specimen.  He  states  that  "the  feeding  of 
dried  thyroid  gland  to  tadpoles  causes  an  early  differentiation  in  proportion  to 
the  quantity  fed  or  the  percentage  of  iodine  content  of  the  gland  used,"  and  that 
thyroids  with  sufficiently  low  iodine  content  caused  earher  differentiation  but  did 
not  interfere  materially  with  growth.     "It  all  seems  a  question  of  dosage." 

In  Lenhart's  work  non-tiimorous  thyroid  tissue  was  used.  Since 
it  has  been  established  that  the  action  of  non-tumorous  thyroid  on 
tadpoles  is  dependent  upon  the  iodine  content,  the  following  study 
was  made  to  determine  whether  or  not  the  so  called  tumors  (adeno- 

^  Gudematsch,  J.  F.,  Feeding  Experiments  on  Tadpoles.  I.  The  Influence  of 
Specific  Organs  Given  as  Food  on  Growth  and  Differentiation,  Arch.  Entwcklngs- 
tnechn.Or^an.,  1913,  xxxv,  457;  Feeding  Experiments  on  Tadpoles.  II.  A  Further 
Contribution  to  the  Knowledge  of  Organs  with  Internal  Secretion,  Am.  J.  Anat., 
1913-14,  XV,  431. 

Lenhart,  C.  H.,  The  Influence  upon  Tadpoles  of  Feeding  Desiccated  Thyroid 
Gland  in  Variable  Amounts  and  of  Variable  Iodine  Contents,  J.  Exp.  Med.,  1915, 
ixii,  739. 
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mata)  of  the  thyroid,  including  carcinoma,  would  hava  the  same  ac- 
tion as  non-tumorous  thyroid  and  whether  this  action  corresponds  to 
the  iodine  content  of  the  tumors. 

For  this  purpose  tadpoles  {Rana  pipiens  and  Rana  clamata)  were 
brought  to  the  laboratory  on  May  8,  1915.  They  were  fairly  uniform 
in  size  (10  to  13  mm.)  and  age  (estimated  at  about  1  week).  The 
stock  was  kept  in  the  laboratory  in  large  granite  basins  and  fed  on 
fresh  liver  every  day,  the  water  (city  tap)  being  changed  once  each 
day. 

Thyroid  Preparations. — Human  thyroids  were  used  in  the  experi- 
ments (Table  I).  Twenty-one  specimens  of  desiccated  thyroid  were 
prepared  from  eighteen  glands  removed  in  Dr.  Crile's  clinic  at  Lakeside 
Hospital.  Except  in  the  case  of  No.  16  the  portions  of  the  fresh  gland 
to  be  used  were  chopped  fine,  placed  in  a  drying  oven  at  70°C.  within 
1  hour  after  removal,  and  allowed  to  remain  in  the  desiccator  from  4 
to  6  days;  they  were  then  ground  to  a  fine  powder  in  a  mortar  and 
kept  in  sterile  bottles  until  used.  Iodine  determinations  were  done 
on  each  specimen.'  No.  16  was  prepared  from  the  same  gland  as  No. 
15  after  the  latter  had  been  fijsed  in  formalin.  This  was  done  to  de- 
termine the  effect  of  formalin  fixation  on  the  iodine  content  and  the 
action  on  tadpoles. 

The  list  of  thyroids  includes  two  simple  adolescent  colloid  goiters 
(Nos.  12,  15,  and  16)  without  tumors  or  compHcations;  one  unclassi- 
fied gland  (No.  3)  which  probably  represents  a  stage  between  simple 
colloid  goiter  and  diffuse  colloid  adenomatous  goiter;  and  three  dif- 
fuse colloid  adenomatous  goiters  (Nos.  1,2,  6,  and  17)  in  which  there 
was  a  diffuse  colloid  adenomatous  change  throughout  the  whole  gland. 
There  were  also  eleven  glands  with  well  encapsulated  single  or  multiple 
adenomata  of  the  fetal  series  in  various  stages  of  growth  and  differ- 
entiation from  the  almost  pure  fetal  type  to  the  well  differentiated 
colloid  or  simple  adenoma.  Many  of  these  showed  some  or  all  of  the 
secondary  degenerative  changes  frequently  occurring  in  these  tumors; 
namely,  edema,  recent  and  old  hemorrhage,  hyaline  scars,  and  areas 
of  calcification  and  cyst  formation.  This  group  includes  in  the  order 
of  their  increasing  differentiation  Nos.  21,  19,  8,  4,  13,  20,  9,  10,  18, 

'  The  iodine  determinations  were  done  by  Dr.  Marine. 


TABLE    I. 
Desiccated  Thyroid  Preparations. 


k 
^ 

Specimen 
No. 

< 

Is 

U 

Clinical  diagnosis. 

"°-g 

Pathological  diagnosis. 

Iodine  per 

gm.o{ 
dried  gland. 

yrs. 

yrs. 

gm. 

»»«. 

1 

11,714 

57 

20 

Goiter,   adenomatous. 

700 

Diffuse  colloid  adenom- 
atous goiter. 

0.22 

2 

11,714 

57 

20 

«                 « 

700 

Diffuse  colloid  adenom- 
atous goiter. 

0.12 

3 

11,725 

26 

12 

colloid,  multiple. 

735 

Unclassified. 

0.55 

4 

11,765 

29 

16 

Goiter,   adenomatous. 

70 

Hyperplastic  interme- 
diate adenoma. 

0.69 

5 

11,818 

30 

18 

«                 <( 

200 

Intermediate  adenoma, 
well  differentiated. 

1.31 

6 

11,819 

55 

31 

coUoid. 

225 

Diffuse  colloid  adenom- 
atous goiter. 

0.43 

7 

11,821 

34 

7 

adenomatous. 

173 

Multiple  intermediate 
adenoma,    well    dif- 
ferentiated. 

0.85 

8 

11,825 

47 

15 

(1                 « 

145 

Intermediate  adenoma. 

0.06 

9 

11,836 

44 

14 

((                 ti 

90 

Multiple   intermediate 
adenoma. 

0.00 
or  trace. 

10 

11,836 

44 

14 

11                 « 

90 

Multiple   intermediate 
adenoma. 

0.15 

11 

11,844 

61 

12 

multiple. 

70 

Multiple  intermediate 
adenoma,  well  differ- 
entiated. 

0.17 

12 

11,878 

21 

6 

coUoid. 

192 

Colloid  goiter,  adoles- 
cent t3T>e. 

0.58 

13 

11,886 

47 

40 

adenomatous. 

14 

Multiple  intermediate 
adenoma. 

1.23 

14 

11,898 

58 

n 

Adenoma. 

273 

Carcinoma;  malignant 
adenoma. 

0.00 
or  trace. 

15 

11,904 

18 

2 

CoUoid  goiter.  Appendi- 
citis. 

87 

Colloid  goiter,  adoles- 
cent type. 

1.00 

16 

11,904 

18 

2 

Colloid  goiter.  Appendi- 
citis. 

87 

Colloid  goiter,  adoles- 
cent type.  (Formalin 
fixation.) 

0.85 

17 

11,932 

29 

20 

Colloid  goiter. 

710 

Diffuse  colloid  adenom- 
atous goiter. 

0.18 

18 

11,933 

55 

12 

Goiter,   adenomatous. 

545 

Degenerating  cystic  in- 
termediate adenoma. 

0.07 

19 

11,938 

31 

16 

«                 « 

40 

Intermediate  adenoma. 

0.06 

20 

11,939 

44 

§ 

"        exophthalmic. 

75 

Multiple  intermediate 
adenoma,    well    dif- 
ferentiated. 

4.31 

21 

11,944 

27 

9 

"        adenomatous. 

250 

Fetal  adenoma. 

0.00 

or  trace 
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11,  7,  and  5.  There  was  one  carcinoma  (No.  14)  of  the  malignant 
adenoma  type. 

In  Nos.  1  and  2,  9  and  10,  and  15  and  16,  two  preparations  were 
made  from  each  of  three  different  glands.  No.  20  was  diagnosed  as 
exophthalmic  goiter,  and  No.  13  had  been  treated  in  the  clinic  1 
year  previously  for  exophthahnic  goiter.  The  others  were  diagnosed 
as  simple  colloid  goiter  or  simple  adenomatous  goiter  before  operation. 
The  carcinoma  was  not  diagnosed  as  a  malignant  tumor  before 
operation. 

In  the  preparation  of  the  specimens  of  adenomata  the  tumorous  tis- 
sue was  stripped  from  its  capsule,  care  being  taken  not  to  include  any 
of  the  surrounding  non-tmnorous  thyroid  tissue.  In  the  case  of  the 
diffuse  colloid  adenomatous  goiters,  individual  adenomatous  nodules 
were  shelled  out  with  their  capsules  and  the  total  mass  was  treated  as 
described. 

EXPERIMENTAL. 

Series  A. — May  11  to  June  10, 1915  (duration,  31  days).  The  tadpoles  were 
kept  on  a  table  in  the  center  of  the  room  so  that  light  and  temperature  conditions 
were  the  same  for  all.  Temperatures  of  the  room  and  water  were  recorded  each 
day. 

Five  tadpoles  were  placed  in  each  of  twenty-one  granite  dishes  of  about  500 
CQ.  capacity,  using  300  cc.  of  city  tap  water.  Four  basins  with  five  tadpoles 
each  were  used  as  controls.  Sample  tadpoles  were  killed  in  formalin  at  the 
beginning  of  the  experiment  for  standards  of  comparison.  The  tadpoles  for 
exper'ment  were  fed  50  mg.  of  desiccated  thyroids,  Nos.  1  to  21,  every  2nd  day, 
alternating  with  fresh  liver.  The  controls  were  fed  fresh  liver  every  2nd  day. 
The  tadpoles  in  this  series  were  not  so  imiform  in  size  as  was  desired. 

For  this  series  merely  the  date  of  death  in  the  different  dishes  may 
be  given.  The  action  of  the  different  specimens  of  thyroid  was  essen- 
tially the  same  as  to  emaciation,  growth,  and  differentiation  as  in 
Series  B  which  is  to  be  described  in  detail  and  will  serve  for  both. 

The  following  tabulation  in  conjunction  with  Fig.  1  gives  a  fair 
idea  as  to  the  time  of  death  of  the  tadpoles  and  their  condition  at  the 
time  of  death  or  at  the  termination  of  the  experiment  when  they 
were  killed  in  formalin. 
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TbTToid  No. 

Iodine. 
mg. 

Result. 

20 

4.31 

AUdead 

in  14  days. 

5 

1.31 

«      « 

"  16     " 

13 

1.23 

«      « 

"  21     " 

15 

1.00 

«      « 

"  22     " 

16 

0.85 

it      « 

"  24     " 

7 

0.85 

i<      « 

"  19     " 

4 

0.69 

((      « 

"  28     " 

12 

0.58 

«      « 

"  24     " 

3 

0.55 

Two" 

"  26     "  ;  three  Uved. 

6 

0.43 

AU    " 

«  29     « 

1 

0.22 

All  alive  at  end  of  31  da.ys. 

17 

0.18 

One  dead  in  25  days;  four  lived 

11 

0.17 

Two  " 

"  29    "  ;  three      " 

10 

0.15 

2 
18 

0.12 
0.07 

'     All  alive  at  end  of  31  days. 

8 

0.06 

19 

0.06 

One  dead  in  30  days;  four  lived 

21 

0.00 

14 

0.00 

•     All  but  one,  No.  14,  lived  31  da 

9 

0.00 

Average 

time 
of  death. 

days 

12.4 

13.8 

12.8 

21 

22 

16 

23 

22.4 

31 

22.8 

31 
31 


31 


Controls.      Sixteen  lived  31  days;  no  forelegs  present.    Four  died  showing  no  other 
differentiation  than  slight  growth  of  the  posterior  leg  buds. 

Definite  changes  were  first  noticed  in  this  series  on  the  6th  day  in 
Nos.  20,  5,  13,  15,  and  12.  There  was  some  wasting,  beginning  atro- 
phy of  the  tail,  and  increased  growth  of  the  posterior  leg  buds.  At 
the  time  of  death  all  these,  as  well  as  Nos.  16,  6,  4,  and  7,  were  smaller 
than  the  samples  or  the  controls  and  showed  much  more  differentia- 
tion than  the  controls. 

As  to  the  appearance  of  forelegs  it  is  noteworthy  that  in  the  tad- 
poles in  No.  20,  four  of  which  died  in  12  days,  all  had  visible  left 
foreleg  buds.  In  No.  5  all  died  between  the  14th  and  16th  days  and 
all  showed  foreleg  buds.  In  No.  13  two  died  in  10  days  with  foreleg 
buds  scarcely  visible;  forelegs  were  present  on  the  other  three.  In  No. 
15  all  died  between  the  20th  and  22nd  days;  foreleg  buds  were  pres- 
ent on  two  and  doubtful  on  the  other  three. 

Others  in  this  series  developed  forelegs  at  different  times  correspond- 
ing closely  in  this  and  other  respects  with  Series  B.  It  is  interesting 
to  point  out,  however,  that  the  large  percentage  of  tadpoles  living  31 
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days  were  being  fed  on  thyroids  with  iodine  contents  of  0.22  mg.  or 
less.  It  is  also  interesting  that  all  these  latter  grew  as  much  or 
more  than  the  controls,  and  most  of  them  showed  a  greater  degree  of 
differentiation. 

Series  B. — May  11  to  June  28,  1915  (duration,  49  days).  The  procedure  was 
the  same  as  that  in  Series  A,  but  smaller,  white  porcelain  dishes  with  150  cc.  of 
water  were  used.    The  tadpoles  in  this  series  were  quite  uniform  in  size. 

Table  II  and  Fig.  2  give  the  results  in  this  series,  using  the  time  of 
appearance  of  the  first  foreleg  as  an  index  to  differentiation.  This 
we  think  is  justifiable  because  with  the  most  active  thyroid  prepara- 
tions used,  and  even  in  those  tadpoles  dying  as  early  as  8  days  this 
evidence  of  differentiation  was  present.     It  also  offers  a  convenient 


TABLE  II. 
Series  B,  Arranged  According  to  Iodine  Content. 


Thyroid  No. 

Iodine  content. 

Time  of  appearance 
of  first  foreleg. 

Average  time  of 

appearance  of 

first  foreleg. 

Average  time  of 
death  or  killing. 

mg. 

days 

days 

days 

20 

4.31 

12 

12.8 

12.8 

5 

1.31 

12 

12.6 

12.4 

13 

1.23 

14 

17.2 

17.2 

15 

1.00 

16 

21.7 

23.2 

16 

0.85 

21 

25.6 

25.0 

7 

0.85 

22 

23.6 

24.4 

4 

0.69 

8 

19.6 

20.6 

12 

0.58 

25 

25.0 

28.4 

3 

0.55 

25 

32.0 

38.4 

6 

0.43 

31 

37.8 

39.4 

1 

0.22 

34 

42.2 

45.2 

17 

0.18 

38 

40.0 

42.0 

11 

0.17 

34 

43.7 

42.8 

10 

0.15 

38 

.       40.0 

45.0 

2 

0.12 

41 

41.0 

29.0 

18 

0.07 

36 

38.0 

33.0 

8 

0.06 

40 

44.5 

47.0 

19 

0.06 

40 

41.6 

39.4 

21 

0.00  or  trace. 

40 

46.4 

48.2 

14 

0.00   "      " 

37 

45.6 

46.4 

9 

0.00   "      " 

40 

43.2 

45.0 

Controls 

45 
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and  useful  method  of  comparison  in  determining  the  action  of  desic- 
cated thyroid  in  causing  differentiation  of  tadpoles.  This  is  usually 
a  fairly  decisive  indicator  and  may  be  readily  recognized  within  a 
period  of  24  hours  of  its  occurrence. 

In  comparing  Series  A  and  B  it  is  interesting  to  note  that  in  Nos. 
20,  5,  13,  15,  16,  7,  4,  and  12,  with  iodine  contents  varying  from  4.31 
to  0.58  mg.,  all  the  tadpoles  were  dead  in  each  series  at  the  end  of 
31  days,  the  duration  of  Series  A.     In  No.  3  (iodine  content,  0.55 


TABLE  m. 

Series  B,  Arranged  According  to  Effects  Observed  on  the  14th  Day  of  the  Experiment. 


Thyroid  No. 

Iodine  content. 

Time  of  appearance 
of  first  foreleg. 

Average  time  of 

appearance 
of  first  foreleg. 

Average  time  of 
death  or  killing. 

20 

5 

13 

mg. 

4.31-1.23 

days 

12-14 

days 

12.6-17.2 

days 

12.4-17.2 

15 

1.00 

16 

21.7 

23.2 

16 
7 
4 

12 
3 

6 

0.85-0.43 

21-31 
(No.    4    in    8 
days.) 

19.6-37.8 

24.4-39.4 
(No.  4  in  20.6 
days.) 

1 

17 
11 
10 

2 

0.22-0.12 

34-41 

40-43.7 

42-45.2 
(No.  2  in  29  days.) 

18 

8 

19 

0.07-0.06 

36-40 

38-44.5 

33^7 

21 

14 

9 

Trace  to  0.00 

37^0 

43.2^6.4 

45^8.2 

Controls 

45 
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mg.),  two  tadpoles  in  Series  A  and  one  in  Series  B  were  dead.  In 
No.  6  (iodine  content,  0.43  mg.)  all  were  dead  in  Series  A  but  only- 
one  in  Series  B.  Below  this  level  of  iodine  content  (0.22  to  0.00  or 
trace)  91  per  cent  of  each  series  were  still  living  at  the  end  of  31  days. 
It  is  evident  then  that  a  detailed  description  of  the  results  in  Series  B 
will  suffice  for  both  within  the  time  limits  of  31  days.  Series  B  is 
chosen  for  detailed  study  because  of  its  longer  duration  (49  days). 

The  action  of  the  desiccated  thyroid  was  striking  and  consistent. 
On  the  14th  day  of  the  experiment,  before  the  iodine  contents  of  the 
different  thyroid  preparations  had  been  determined,  the  tadpoles  were 
grouped  according  to  the  effect  and  the  relative  iodine  contents  of  the 
different  preparations  predicted  upon  this  basis.  The  prediction  was 
correct  with  iodine  contents  from  4.31  down  to  0.43  mg.  in  the  order 
given  in  Table  III.  Below  the  level  of  0.22  individual  distinctions 
could  not  be  made  out  with  certainty,  but  all  in  this  group  were  less 
affected  than  those  receiving  specimens  with  higher  iodine  contents. 

Protocols. 

Thyroid  20. — Changes  were  first  observed  in  this  dish  on  the  5th  day;  that  is, 
after  the  second  dose  of  thyroid.  The  change  consisted  of  beginning  kite-shaped 
appearance,  prominence  of  the  head,  diminution  in  size  or  wasting,  beginning 
atrophy  of  the  tail,  and  increased  growth  of  the  hind  leg  buds.  Three  of  these 
died  on  the  12th  day  and  two  on  the  14th.  All  showed  the  characteristic  changes 
and  all  at  the  time  of  death  had  visible  left  foreleg  buds;  aU  were  smaller  than  the 
samples  or  controls.    One  became  edematous. 

Thyroid  5. — The  changes,  first  noticed  on  the  5th  day,  were  the  same  as  in  No. 
20.  Four  died  on  the  12th  day  and  one  on  the  14th,  showing  marked  wasting 
and  tail  atrophy;  three  had  a  frog-shaped  body  and  two  were  definitely  kite- 
shaped.  At  the  time  of  death  left  foreleg  buds  were  visible  on  three  and  not  ob- 
served on  two;  all  were  smaller  than  the  samples  or  controls;  two  were  somewhat . 
edematous. 

Thyroid  13. — The  changes,  first  observed  on  the  6th  day,  were  similar  to  those 
in  Nos.  20  and  5.  One  died  on  the  14th  day,  two  on  the  16th,  and  two  on  the 
20th.  The  left  foreleg  was  present  on  each.  One  dying  on  the  20th  day  had 
both  foreleg  buds.  All  were  smaller  than  the  samples  or  controls;  four  were  some- 
what edematous. 

Thyroid  15. — Changes  similar  to  the  above  were  observed  on  the  6th  day.  All 
showed  marked  wasting,  tail  atrophy,  and  considerable  differentiation.  These 
died  on  the  16th,  23rd,  24th,  25th,  and  28th  days,  respectively.  Two  had  left 
foreleg  buds  present  at  the  time  of  death;  the  one  dying  on  the  28th  day  had 
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both  forelegs  and  the  body  was  beginning  to  present  the  typical  frog  shape.  One 
in  this  dish  was  lost. 

Thyroid  16. — Changes  were  first  observed  on  the  7th  day.  One  died  on  the 
21st  day,  2  in  24  days,  and  2  in  28  days.  The  left  foreleg  was  present  on  three; 
not  observed  on  two.  All  in  this  dish  were  quite  edematous;  all  showed  typical 
head  changes  and  some  were  assuming  frog-shaped  bodies. 

Thyroid  7. — Changes  were  first  observed  on  the  7th  day.  Three  died  in  22 
days,  and  two  in  28  days.  The  left  foreleg  bud  was  present  on  all;  all  showed 
typical  changes  and  were  assuming  frog  bodies;  slight  edema  in  aU. 

Thyroid  4. — Slight  change  of  shape  was  first  observed  on  the  7th  day.  These 
tadpoles  died  in  8,  22,  23,  24,  and  26  days.  All  were  smaller  than  the  controls; 
four  were  edematous.  They  showed  various  degrees  of  tail  atrophy  and  were 
slightly  kite-shaped.  The  three  dying  in  8,  24,  and  26  days,  respectively,  had 
left  foreleg  buds.    None  were  observed  on  the  other  two. 

Thyroid  12. — Slight  change  of  shape  was  first  observed  on  the  7th  day.  One 
died  in  26  days,  two  in  28,  and  two  in  30.  The  first  was  highly  edematous  and 
showed  no  differentiation  beyond  the  controls;  no  foreleg  bud.  The  others  were 
small  and  had  frog-like  bodies;  the  left  foreleg  bud  was  present  on  each;  tail  atro- 
phy one-half  to  two-thirds. 

Thyroid  3. — A  slight  change  of  shape  was  first  observed  on  the  8th  day. 
One  died  in  28  days,  one  in  36,  two  in  40,  and  one  in  48.  The  first  had  a  tadpole 
body,  no  tail  atrophy,  posterior  leg  buds  about  the  same  as  the  controls  and  no 
forelegs,  and  was  highly  edematous.  The  second  had  slight  tail  atrophy  and  the 
left  foreleg  bud  through  the  skin;  it  was  smaller  than  the  control.  The  other 
three  had  frog-like  bodies;  both  forelegs  were  present  on  each;  tail  atrophy  one- 
third  to  two-thirds. 

Thyroid  6. — In  this  dish  it  was  doubtful  whether  definite  changes  could  be  made 
out  on  the  8th  day.  The  tadpoles  died  in  31,  36,  39,  42,  and  49  days.  At  the 
time  of  death  all  had  left  forelegs;  the  third  and  fourth  had  both  forelegs,  and  on 
the  fifth  the  right  foreleg  was  present  under  the  skin.  Three  had  typical  frog- 
shaped  bodies  and  two  were  slightly  frog-shaped. 

Thyroid  1. — No  change  was  observed  up  to  the  8th  day.  Four  died  in  40,  43, 
45,  and  49  days,  respectively.  All  were  well  differentiated  frogs  with  almost 
complete  atrophy  of  the  tail.  One  which  lived  49  days  had  a  tadpole  body  and 
no  forelegs.  This  is  the  first  tadpole  of  the  series  fed  on  thyroid  with  iodine  of 
0.22  mg.  or  above  which  lived  the  49  days  of  the  experiment.  Above  this  level 
of  iodine  content  the  tadpoles  showed  progressive  degrees  of  wasting,  and  early  dif- 
ferentiation in  proportion  to  the  iodine  content.  In  none  of  these  did  the  thyroid- 
fed  tadpoles  keep  up  with  the  controls  as  to  growth  (size),  but  of  course  they 
showed  greater  differentiation.  Below  this  level  of  iodine  content  the  thyroid- 
fed  tadpoles  grew  as  well  as,  and  in  many  cases  better  than  the  controls  (growth 
inversely  proportional  to  the  iodine  content).  At  the  same  time  there  was  a 
greater  degree  of  differentiation  among  the  low  iodine-fed  tadpoles  as  compared 
with  the  controls. 
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Thyroid  17. — In  the  frogs  in  this  dish  forelegs  appeared  in  38,  39,  40,  41,  and  42 
days.  The  first  four  developed  into  normal  frogs  with  well  developed  and  func- 
tioning fore-  and  hind  legs  and  were  killed  in  formalin  on  the  41st  day.  The  last 
one  developed  into  a  normal  frog  and  was  killed  on  the  46th  day. 

Thyroid  11. — One  died  in  34  days,  with  beginning  atrophy  of  the  tail,  slight 
changes  about  the  head,  and  no  forelegs.  This  one  was  smaller  than  the  con- 
trols. The  other  four  developed  forelegs  in  34,  39,  46,  and  46  days,  respectively. 
Two  of  these  were  kUled  in  42  days,  and  the  last  two  died  on  the  48th  day.  All 
four  were  well  developed  frogs. 

Thyroid  10. — Forelegs  appeared  in  38,  39,  and  43  days  on  three.  These  devel- 
oped into  normal  frogs ;  one  died  on  the  40th  day  and  two  were  killed  on  the  43rd 
and  46th  days.  The  other  two  became  highly  edematous,  showed  no  greater  dif- 
ferentiation than  the  controls,  and  were  killed  on  the  48th  day. 

Thyroid  2. — In  this  dish  the  tadpoles  died  in  11,  22,  34,  37,  and  41  days.  The 
first  three  maintained  the  tadpole  body,  had  no  atrophy  of  the  tail,  and  developed 
no  forelegs.  Some  of  these  were  counted  accidental  deaths  and  not  attributed  to 
thyroid  action.  The  fourth,  dead  on  the  37th  day,  was  becoming  frog-shaped; 
no  taU  atrophy;  no  forelegs.  The  fifth  was  the  only  one  that  developed  a  foreleg 
(41st  day).  This  one  had  a  well  developed  frog-shaped  body;  taU  atrophy  about 
one-half. 

Thyroid  18. — One  of  these  was  lost;  two  died  in  15  and  35  days;  and  two  lived 
41  days  and  were  kUled  in  formalin.  The  first  (15  days)  showed  little  or  no  dif- 
ferentiation beyond  the  controls;  no  forelegs.  The  second  (35  days)  had  well 
developed  hind  legs  and  was  assuming  a  frog-shaped  body;  no  forelegs  or  tail  atro- 
phy. The  third  and  fourth  developed  forelegs  in  36  and  40  days,  respectively, 
and  were  killed  on  the  40th  day.  One  of  these  was  a  well  developed  frog  with 
almost  complete  atrophy  of  the  tail;  the  other  developed  good  fore-  and  hind  legs, 
with  little  atrophy  of  the  taU,  and  was  highly  edematous. 

Thyroid  8. — Four  developed  forelegs  in  40,  42,  48,  and  48  days,  respectively. 
One,  which  lived  49  days,  had  a  tadpole  body,  no  tail  atrophy,  and  no  forelegs. 
The  first  three  developed  into  normal  frogs  with  functioning  fore-  and  hind  legs. 
The  fourth  had  both  forelegs  but  a  tadpole  body  and  little  atrophy  of  the 
tail.  The  fourth  and  fifth,  both  having  a  tadpole  body,  were  larger  than  the 
controls. 

Thyroid  19. — Two  died  in  28  and  35  days,  respectively,  without  forelegs.  Tail 
atrophy  had  begun,  one  having  a  tadpole  body,  the  other  becoming  frog-shaped. 
Two  developed  forelegs  in  40  days,  became  normal  frogs,  and  were  killed  on  the 
43rd  day.  The  last  one  developed  forelegs  on  the  45th  day,  and  when  killed  on 
the  48th  day  was  fairly  well  differentiated. 

Thyroid  21. — Forelegs  appeared  in  40,  46,  48,  49,  and  49  days,  respectively. 
The  first  developed  into  a  normal  frog  and  was  killed  on  the  45th  day.  The  other 
four  lived  49  days;  two  of  these  had  well  developed  frog-shaped  bodies,  tail  atro- 
phy one-third,  and  functioning  fore-  and  hind  legs;  one  had  the  left  foreleg;  and 
the  last  one  had  the  left  foreleg  under  the  skin. 
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Thyroid  14. — Forelegs  appeared  in  37,  45,  48,  49,  and  49  days,  respectively. 
The  first  died  in  37  days,  with  a  tadpole  body,  slight  changes  about  the  head,  and 
the  left  foreleg  under  the  skin;  it  was  about  the  size  of  the  controls.  The  second 
developed  into  a  normal  frog  with  functioning  fore-  and  hind  legs.  The  third 
had  a  well  developed  frog  body,  taU  atrophy  one-third,  and  the  left  foreleg  pres- 
ent. The  fourth  and  fifth  were  becoming  frog-shaped,  had  slight  tail  atrophy, 
and  left  forelegs  under  the  skin. 

Thyroid  9. — Four  developed  forelegs  in  40,  40,  45,  and  48  days,  respectively. 
These  were  well  differentiated,  had  functioning  fore-  and  hind  legs,  and  various 
degrees  of  tail  atrophy.     The  fifth  was  killed  on  the  43rd  day;  highly  edematous. 

Controls. — There  were  four  dishes  with  five  tadpoles  in  each.  These  received 
fresh  liver  every  2nd  day.  The  first  one  developed  the  left  foreleg  on  the  45th 
day  and  died  on  the  48th  day,  a  well  differentiated  frog.  On  the  49th  day  there 
were  four  dead,  one  with  well  developed  hind  legs  and  a  left  foreleg,  also  beginning 
tail  atrophy;  one  with  well  developed  hind  legs  and  no  forelegs;  the  other  two  were 
well  preserved  tadpoles  with  short  posterior  leg  buds,  no  forelegs,  and  no  tail 
atrophy.    Fifteen  lived  for  49  days  and  were  well  preserved  tadpoles. 

Fig.  2  shows  the  condition  of  the  tadpoles  in  this  series  at  the  time 
of  death  or  termination  of  the  experiment  when  they  were  killed  in 
formalin.  The  different  groups  are  arranged  according  to  the  decreas- 
ing iodine  content  with  the  controls  and  samples  last.  The  individu- 
als of  each  dish  are  arranged  from  left  to  right  according  to  the  time 
of  death;  e.g.,  in  No.  20  the  first  three  from  left  to  right  died  in  12 
days  and  the  fourth  and  fifth  died  in  14  days. 

We  have  no  satisfactory  explanation  for  the  peculiar  edematous  ap- 
pearance of  some  of  the  tadpoles.  This  was  observed  in  individuals 
in  different  dishes  without  regard  to  the  iodine  content  and  appeared 
in  some  of  the  controls. 

Series  C  and  D  were  for  the  purpose  of  determining  the  action  of 
desiccated  thyroid  on  a  different  variety  of  tadpoles  and  at  varying 
ages  of  this  species  {Rana  catesbiana). 

Series  C— May  25  to  June  10,  1915  (duration,  17  days).  (Fig.  3.) 
Tadpoles  averaging  4  cm.  in  length  were  used  in  this  series.  Three  were  killed 
in  formalin  at  the  beginning  of  the  experiment  for  comparison;  three  were  used 
as  controls  and  fed  fresh  hver  every  2nd  day;  the  experimental  tadpoles  were  fed 
50  mg.  of  Thyroids  20,  15,  12,  17,  and  14  with  iodine  contents  of  4.31,  1.0,  0.58, 
0.18,  and  0.0,  or  trace,  every  2nd  day,  alternating  with  fresh  liver.  At  the  be- 
ginning of  the  experiment  the  tadpoles  had  an  average  length  of  4  cm.,  just  visible 
posterior  leg  buds,  tadpole  bodies,  and  no  sign  of  forelegs. 
The  controls  all  lived  17  days  and  were  killed  in  formalin.     They  had  an  aver- 
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age  length  of  4.3  cm.,  maintained  the  tadpole  body,  and  showed  slight  increase  in 
the  posterior  leg  buds  as  compared  with  the  samples. 

Thyroid  14. — All  lived  17  days  and  were  killed  in  formalin,  had  an  average 
length  of  4.2  cm.,  tadpole  bodies,  slightly  better  growth  of  the  posterior  leg  buds 
than  the  controls,  and  no  forelegs. 

Thyroid  17. — All  these  were  lost. 

Thyroid  12. — One  was  lost.  One  died  in  12  days,  showing  marked  wasting  and 
tail  atrophy;  considerable  growth  of  the  hind  legs;  left  foreleg  bud  present;  begin- 
ning frog-shaped  body;  length  2.5  cm.  The  third  lived  17  days  and  was  killed  in 
formalin.  This  one  was  3  cm.  in  length;  the  body  was  becoming  frog-shaped; 
left  foreleg  bud  present;  tail  atrophy  about  one-third. 

Thyroid  15. — Two  died  in  11  days.  Each  measured  2.3  cm.;  there  was  marked 
atrophy  of  the  tail;  posterior  leg  buds  5  mm.  long;  left  foreleg  bud  present  on  one 
and  not  on  the  other;  heads  frog-shaped.  The  third  died  in  12  days;  length  2.2 
cm.;  left  foreleg  present. 

Thyroid  20. — All  died  in  10  days,  measuring  2,  2.2,  and  2.2  cm.,  respectively. 
All  showed  marked  tail  atrophy;  left  foreleg  present  on  each;  bodies  becoming 
fairly  frog-Like. 

This  series  shows  that  there  is  no  qualitative  difference  in  the  ac- 
tion of  desiccated  thyroid  on  the  different  varieties  of  tadpoles  used. 

Series  D.—May  27  to  June  7,  1915  (duration,  12  days).  (Fig.  4.) 
For  this  experiment  two  sets  of  tadpoles  of  different  ages  with  three  in  each  set 
were  used.  The  individuals  of  each  age  were  alike  as  to  size  and  condition  of  de- 
velopment. The, older  ones  averaged  8.5  cm.  in  length,  had  posterior  leg  buds 
slightly  over  2  cm.  long,  and  had  no  forelegs.  The  younger  set  averaged  6.5  cm. 
in  length,  had  just  visible  posterior  leg  buds  and  no  foreleg  buds.  One  of  each 
age  was  killed  in  formalin  at  the  beginning  of  the  Experiment  for  comparison. 
Another  of  each  age  was  used  for  control  and  fed  fresh  liver  every  2nd  day.  A 
third  one  of  each  age  was  fed  50  mg.  of  Thyroid  20  every  2nd  day,  alternating 
with  fresh  liver. 

Both  forelegs  were  present  on  the  older  thyroid-fed  tadpole  on  the  7th  day;  the 
left  foreleg  appeared  on  the  corresponding  control  on  the  9th  day.  There  was 
marked  atrophy  of  the  tail  of  the  thyroid-fed  tadpoles.  The  younger  control  had 
no  forelegs;  and  the  posterior  leg  buds  were  8  mm.  long;  it  maintained  a  tadpole 
body.  The  younger  thyroid-fed  animal  had  a  frog-shaped  head  and  body;  left 
foreleg  present;  posterior  legs  15  mm.  long.  The  older  tadpoles  at  the  end  of  the 
experiment  showed  about  the  same  amount  of  development  of  fore-  and  hind  legs 
on  both  the  controls  and  the  thyroid-fed  animal.  There  was  marked  tail  atrophy 
in  the  latter  and  practically  none  in  the  former.  The  older  thyroid-fed  tadpole 
had  become  a  well  developed  frog,  while  the  corresponding  control  had  the  same 
characteristics  to  a  slighter  degree. 
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Comparison  of  samples,  controls,  and  Thyroid  20  in  Series  C  and 
D  shows  that  desiccated  thyroid  of  high  iodine  content  administered 
to  tadpoles  of  the  same  variety  at  different  ages  and  stages  of  develop- 
ment produces  the  same  effect;  namely,  immediate  cessation  of 
growth,  rapid  metamorphosis  as  evidenced  by  atrophy  of  the  tail,  in- 
creased growth  of  the  posterior  legs,  and  the  development  of  forelegs. 
The  younger  the  tadpoles  at  the  beginning  of  thyroid  feeding,  the 
smaller  the  metamorphosed  frog,  and  vice  versa. 

DISCUSSION  AND  CONCLUSIONS. 

It  seems  evident  from  the  foregoing  experiments  that  the  so  called 
tumors  (adenomata)  of  the  thyroid  possess  the  property  of  taking  up 
iodine  and  metabolizing  it  into  the  active  combination  in  the  same 
way  that  the  non-tumorous  thyroid  tissue  does,  although  not  so  read- 
ily nor  to  the  same  degree,  and  the  action  on  tadpoles  of  feeding  des- 
iccated tumorous  thyroid  tissue  does  not  differ  qualitatively  from  feed- 
ing desiccated  non-tumorous  thyroid  tissue.  The  action  in  either 
case  depends  upon  the  iodine  (active  iodine)  content,  and  in  the  case 
of  the  adenomata  bears  no  constant  relation  to  the  state  of  their 
growth  or  differentiation. 

Examination  of  Tables  II  and  III  shows  that  in  the  main  this  is 
true.  There  are,  however,  certain  discrepancies  as  to  time  of  death, 
appearance  of  first  forelegs,  degree  of  emaciation,  and  rate  of  growth 
in  certain  dishes  of  the  series,  the  action  being  not  quite  parallel  to 
the  iodine  content.  Some  of  these  discrepancies  may  be  explained 
in  part  by  accidents  of  feeding,  slight  differences  in  size,  age,  and  sus- 
ceptibility of  the  different  tadpoles  receiving  the  same  thyroid,  and 
also  by  the  variations  in  the  amount  of  thyroid  consumed  by  the 
different  individuals  in  the  same  dish.  Lenhart  has  shown  that  the 
action  of  the  same  thyroid  varies  with  the  quantity  fed.  Another 
important  factor  which  has  to  be  considered  is  the  condition  of  the 
iodine  itself.  It  was  suspected  at  the  time  of  these  experiments  that 
the  iodine  might  be  present  in  an  active  and  an  inactive  form,  but 
no  satisfactory  proof  of  this  assumption,  at  the  begin,  ing  of  these 
experiments,  was  at  hand.  Support  of  this  point  has  been  afforded  by 
the  work  of  Kendall  on  the  isolation  of  the  active  principle  of  thyroid 
and  the  separation  of  the  iodine  into  two  fractions.     Since  the  com- 
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pletion  of  our  experiments  Marine*  has  demonstrated  by  means  of 
perfusion  experiments  in  vivo  and  in  vitro  that  iodine  is  rapidly  taken 
up  by  the  thyroid  cells,  and  though  the  iodine  increase  in  the  per- 
fused lobe  may  be  1,000  per  cent  in  2  hours  as  compared  with  the 
control  lobe,  yet  the  action  on  tadpoles  is  no  greater.  It  then  becomes 
an  important  question  to  determine  the  time  required  by  the  thyroid 
to  take  up  inorganic  iodine  and  manufacture  it  into  the  active  thy- 
roid principle. 

It  is  known  that  iodine  is  rapidly  taken  up  by  the  thyroid,  and  in 
man  the  iodine  content  of  the  thyroid  is  subject  to  greater  variations 
than  in  animals  on  account  of  the  prevalent  therapeutic  use  of  iodine 
and  the  iodides  in  goiter  and  other  conditions;  even  the  iodine  used 
in  preparing  patients  for  operations  would  increase  the  iodine  content 
of  the  thyroid  in  a  short  time,  so  that  one  might  expect  such  varia- 
tions in  the  action  of  a  given  thyroid  preparation  fed  to  tadpoles  as 
appear  in  these  experiments. 

In  this  connection  it  is  interesting  to  note  (Table  II)  that  Thyroid 
20  with  4.31  mg.  of  iodine  was  only  slightly  more  active  than  No.  5 
with  1.31  mg.  of  iodine.  Two  possibilities  have  to  be  considered  here. 
First,  No.  20  may  have  active  iodine  slightly  greater  than  1.31  mg. 
and  the  balance  present  as  inactive  iodine.  Second,  No.  5  with  1.31 
mg.  of  iodine  might  represent  the  maximum  possible  effect  under  the 
conditions  of  the  experiment  and  a  larger  quantity  of  active  thyroid 
iodine  could  produce  no  greater  effect. 

Of  course  with  the  lower  iodine  contents  the  variations  in  effects 
might  well  come  within  the  limits  of  errors  of  observation.  Also  the 
percentage  error  would  be  greater  in  the  iodine  determinations,  acci- 
dents of  feeding,  etc. 

Our  conclusions  as  to  the  effect  of  feeding  desiccated  thyroid  to 
tadpoles  agree  in  general  with  those  of  Lenhart.  The  action  of  the 
thyroid  depends  not  upon  a  specific  stimulus  to  differentiation  but 
upon  a  stimulation  of  metabolism  in  general  in  proportion  to  the  active 
iodine  and  the  quantity  consumed.     High  iodine  contents  produce 

^Marine,  D.,  Demonstration  in  Vitro  of  the  Specific  Afl&nity  of  ThjToid  Cells 
for  lodin,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1915,  xii,  132.  Marine,  D.,  and  Feiss, 
H.  O.,  The  Absorption  of  Potassium  lodid  by  Perfused  Thyroid  Glands  and 
Some  of  the  Factors  Modifying  It,  /.  Phartn.  and  Exp.  Therap.,  1915,  vii,  557. 
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rapid  emaciation,  at  the  same  time  resulting  in  differentiation  even 
in  tadpoles  dying  in  8  to  12  days.  Low  iodine  contents  result  in 
differentiation  at  an  earlier  period  than  the  controls.  Tadpoles  fed 
on  thyroid  with  practically  no  iodine  grow  better  than  the  controls, 
in  this  instance  the  thyroid  acting  simply  as  a  food. 

Finally,  the  interest  that  the  results  of  these  experiments  may  have 
in  connection  with  the  question  of  function  in  tumor  tissue  should  be 
pointed  out.  To  those  who  hold  that  tumor  lacks  the  capacity  for 
physiological  function,  the  adenomata  of  the  thyroid  could  not  be 
consistently  regarded  as  tumors.  To  those  who  hold  physiological 
function  as  a  possible  property  of  tumor  tissue,  the  adenomata  might 
be  regarded  as  timiors.  Future  studies  might  warrant  a  recognition 
of  different  grades  or  degrees  of  tumor.  On  this  basis  the  fetal  ade- 
noma (very  Httle  differentiation)  might  represent  a  higher  degree  of 
tumor  than  the  diffuse  colloid  or  simple  adenomatous  thyroid  in  which 
the  adenomatous  nodules  are  present  to  a  great  extent  throughout 
the  whole  gland  and  are  weU  differentiated.  It  is  certain  that  there 
are  all  grades  and  degrees  of  growth  and  differentiation  in  the  life 
history  of  fetal  adenomata  of  the  thyroid,  from  the  pure  fetal,  undif- 
ferentiated adenoma  with  httle  or  no  iodine  to  the  simple  or  colloid 
adenoma,  well  differentiated  and  with  varying  amounts  of  iodine 
approaching  that  of  normal  thyroid. 

EXPLANATION  OF  PLATES. 

Plate  38. 

Fig.  1.  Series  A.  The  condition  of  the  tadpoles  at  the  time  of  death  or  after 
they  had  been  killed  in  formalin,  at  the  end  of  31  days. 

Plate  39. 

Fig.  2.  Series  B.  The  condition  of  tadpoles  at  the  time  of  death  or  after 
they  had  been  killed  in  formalin,  at  the  end  of  49  days. 

Plate  40. 

Fig.  3.  Series  C.  The  eflFect  of  desiccated  thyroid  on  R.  catesbiana  tadpoles 
as  compared  wath  the  larvae  of  R.  pipiens  and  R.  clamcUa. 

Fig.  4.  Series  D.  The  effect  of  desiccated  thyroid  on  tadpoles  of  different 
ages. 
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In  an  earlier  paper  by  one  of  the  authors  in  collaboration 
with  Dr.  Feiss/  it  was  shown  that  artificially  perfused  and  sur- 
viving thyroids  of  dogs  take  up  KI  very  rapidly  and  retain  it  in 
large  amounts;  that  this  acti\ity  is  not  shared  by  other  tissues 
of  the  body;  that  KCN  inhibits  this  acti\dty  and  that  only  surviv- 
ing thyroid  cells  manifest  this  phenomenon.  At  that  time  two 
experiments  were  reported  in  which  50  mgm.  KI  were  injected 
intravenously,  after  ha\Tng  removed  a  control  lobe  of  the  thy- 
roid. The  lobes  exposed  to  the  KI  for  one  hour  showed  practi- 
cally the  same  affinity  for  this  salt  as  was  found  in  the  in  vitro 
perfusions. 

In  the  present  communication  we  wil\  record  the  results 
obtained  from  a  series  of  33  experiments  in  which  the  KI  was 
introduced  intravenously.  The  plan  of  these  experiments  was 
as  follows:  In  all  but  four  experiments,  dogs  with  grossly  en- 
larged thyroids  were  used.  After  Ugating  the  renal  vessels  of 
both  kidneys  and  removing  one  lobe  of  the  thyroid  as  a  control,  50 
mgm.  KI  in  and  1  cc.  distilled  water  was  injected  into  the  internal 
jugular  vein,  or  one  of  its  branches,  below  the  thjToid  area. 
Ether  for  anesthesia  was  the  only  drug  used  and  in  each  case  the 
usual  aseptic  technique  was  followed.  The  animals  were  allowed 
to  live  for  periods  of  5  minutes,  10  minutes,  1  hour,  4  hours, 
8  hours,  12  hours,  16  hours,  20  hours,  24  hours  and  30  hours 
following  the  injection  of  KI.  In  four  experiments — two  of 
5  minutes  duration,  and  two  of  10  minutes  duration — the  renal 
vessels  were  not  hgated.     Then  the  iodized  lobes  were  removed, 

»  The  absorption  of  potassium  iodid  by  perfused  thyroid  glands  and  some  of  the 
factors  modifying  it.     J.  Pharmacol,  and  Exp.  Therap.,  1915,  vii,  557. 
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weighed  and  small  sections  taken  for  histology,  and  the  remainder 
of  the  thyroid,  together  with  pieces  of  hver  and  spleen  desiccated 
for  iodin  determinations.  As  shown  in  the  complete  tabulation 
(table  1)  the  thyroid  lobes  used  varied  markedly  in  size,  in  iodin 
content  and  physiologic  activity,  as  indicated  by  the  range  of 
histological  appearances  from  quiescent  or  colloid,  to  marked 
active  hyperplasia. 

As  shown  in  the  in  \Titro  perfusions  the  amount  of  KI  absorbed 
necessarily  varies  with  the  surface  exposed  (size  of  glands)  and 
the  stage  of  physiological  activity  (colloid  or  normal  glands 
showing  the  least  increase  in  iodin).  Any  analysis  of  the  quanti- 
ties of  iodin  absorbed  from  a  given  dose  must  take  into  consider- 
ation both  the  size  and  the  stage  of  physiologic  activity  of  the 
glands  used. 

In  all  experiments  there  was  a  great  increase  in  the  iodin 
content  of  the  thyroid  lobe  thus  exposed  to  KI  just  as  was 
observed  in  the  in  vitro  perfusions.  There  are  variations  in  the 
amounts  retained  by  the  thyroid  from  the  constant  amount 
(50  mgm.)  offered,  and  some  of  the  factors  which  might  be 
related  to  these  variations  have  been  analyzed  as  follows: 

1.  Relation  of  the  duration  of  the  perfusion  to  the  amount  of 
KI  retained.  The  principal  data  bearing  on  this  point  have  been 
grouped  in  the  following  table,  both  as  to  duration  of  the  per- 
fusion and  the  histologic  condition  of  the  glands  used — whether 
active  hyperplasias  or  quiescent  glands: 


HTPERPLASIAS 

COLLOID   GLANDS 

EXPERIMENT 

Ntimber  of 
experiments 

Average  increase  in 

I  per  gram  dried 

in  milligram 

Number  of 
experiments 

Average  increase  in 

I  per  gram  dried 

in  milligram 

5  minutes 

10  minutes 

1  hour 

4  hours 

8  hours 

12  hours 

16  hours 

20  hours 

24  hours 

30  hours 

1 

2 
3 
2 
3 
4 
2 
2 
2 
2 

0.71 
0.75 
0.53 
0.87 
0.53 
0.70 
0.60 
0.57 
0.59 
1.16 

2 

1 
1 

3 
1 
2 

0.32 

0.34 
0.62 

0.43 
0.24 
0.45 
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The  most  striking  features  brought  out  in  this  tabulation  are, 
(1)  that  the  absorption  of  KI  is  so  rapid  during  the  first  few 
minutes  that  the  sUght  further  increase  during  the  rest  of  the 
experiment  is  masked,  and  (2),  that  it  varies  directly  with  the 
degree  of  active  hyperplasia  present  or  inversely  with  the  original 
iodin  content,  and  therefore  is  identical  in  all  essentials  with 
the  results  obtained  in  the  in  vitro  perfusions.  Concerning 
the  first  point,  viz.,  the  rapidity  of  absorption,  it  was  a  surprise 
to  us  to  find  so  small  a  difference  between  a  5-minute  or  a  10- 
minute  and  a  30-hour  perfusion,  although  the  rapidity  of  the 
storage  of  iodin  by  the  gland  has  been  many  times  and  from 
many  different  angles  emphasized. 

This  series  of  experiments  indicate  that  the  absorption  from 
the  blood  is  practically  instantaneous.  In  the  earher  experi- 
ments the  kidneys  were  removed  from  the  circulation  partly 
to  bring  this  series  of  experiments  into  relation  with  the  in 
\dtro  perfusions,  and  partly  to  eliminate  any  loss  of  KI  through 
the  kidneys.  This  precaution  was  found  to  have  been  unneces- 
sary. In  the  four  experiments  where  the  renal  vessels  were  not 
Ugated  no  appreciable  difference  was  observ^ed  in  the  percentage 
of  iodin  absorbed.  The  affinity  of  the  thjToid  for  iodin  salts 
is  so  great  that  the  loss  through  the  kidney  is  negUgible  when 
iodin  is  administered  in  physiological  doses  for  thjToid  effects. 
Even  when  given  in  large  doses  (a  decigram  of  KI)  it  is  doubtful 
whether  the  renal  factor  modifies  the  amount  retained  by  the 
thyroid.  The  thyroid  has  such  an  extraordinary  affinity  for 
iodin  and  the  other  tissues  have  such  a  sHght  affinity  for  it,  that 
the  intravenous  injection  of  iodin  salts  in  the  li\ing  animal  may , 
truly  be  designated  as  ''in  vivo"  perfusion  of  the  thyroid. 

2.  In  sharp  contrast  with  the  thyroid,  the  hver  and  spleen 
show  no  retention  of  KI.  Samples  of  hver  and  spleen  were 
examined  for  iodin  in  each  experiment,  and  only  in  the  experi- 
ments of  1  hour  or  less  duration  was  it  detected.  .Traces  of 
iodin  were  detected  m  the  unwashed  tissues  of  all  such  experi- 
ments just  as  it  was  found  in  the  unwashed  spleens  and  kidneys 
of  the  in  vitro  perfusions,  but  even  traces  could  not  be  detected 
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when  the  tissue  was  thoroughly  freed  of  blood.  In  all  the  experi- 
ments of  4  hours  or  longer,  no  detectable  amounts  of  iodin  were 
found  in  the  Uver  and  spleen. 

SUMMARY 

There  is  apparently  no  difference  between  in  vitro  and  "in 
vivo "  perfusions  as  regards  the  percentage  of  iodin  absorbed. 
The  absorption  is  practically  instantaneous  in  each  case.  Maxi- 
mum thyroid  effects  are  produced  by  such  exceedingly  small 
amounts  of  iodin  and  the  gland  has  such  an  extraordinary  affinity 
for  salts  of  iodin,  that  its  loss  through  the  kidney  may  be  con- 
sidered negligible,  and  this  probably  holds  true  for  all  other 
body  tissues.  The  size  of  the  gland  and  the  stage  of  physiolog- 
ical activity  modify  the  amount  of  KI  absorbed  apparently  to 
the  same  degree  whether  it  is  introduced  by  in  vitro  perfusion 
or  injected  intravenously  in  the  living  animal. 

The  liver  and  spleen  show  no  retention  of  KI,  whether  intro- 
duced by  in  vitro  perfusion  or  by  intravenous  injection.  With 
constant  amounts  of  KI  introduced  and  with  glands  pf  similar 
degrees  of  physiologic  activity,  there  is  no  noteworthy  difference 
in  the  percentage  absorbed,  whether  the  '4n  vivo"  perfusion 
lasts  1  hour  or  30  hours.  There  must  be  some  slight  increase  in 
the  amount  of  iodin  absorbed  from  a  single  dose  in  the  succeed- 
ing minutes  or  hours  of  a  given  experiment,  but  it  was  not 
sufficiently  marked  to  be  detected  as  an  increase  in  the  iodin 
content  of  the  thyroid,  in  this  series  of  glands  with  the  methods 
employed;  although  after  an  hour  it  was  not  present  in  detectable 
amounts  in  the  circulation. 
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The  transplantation  of  normal  or  tumor  tissue  is' at 
present  attracting  wide  interest  among  experimental 
physiologists  and  pathologists  because  of  the  many 
fundamental  biologic  problems  which  earlier  work, 
both  with  tumor  and  normal  tissue,  uncovered. 
Among  these  problems  probably  the  two  that  are  being 
most  actively  investigated  at  present  are  (1)  whether 
specific  nerves  (either  secretory  or  regulatory)  are 
necessar}-  for  the  survival,  growth  and  function  of 
transplanted  tissues,  and  (2)  the  problem  of  the  reac- 
tion of  the  host  to  transplanted  foreign  tissues.  For 
this  work  the  so-called  endocrine  glands  have  obvious 
advantages  over  glands  with  external  secretions,  or  the- 
various  connective  tissues  and,  indeed,  over  tumor 
tissue. 

In  the  course  of  our  work  during  the  past  three 
years,  we  have  studied  the  transplantation  of  ovary, 
suprarenal  (cortex  and  medulla),  spleen,  parathyroid 
and  thyroid  of  rabbits.  Because  the  thyroid  has  sev- 
eral great  advantages,  namely,  its  accessibility,  its 
wide  range  of  morphologic  changes,  which  are  easily 
interpreted,  and  its  specific  iodin  reaction,  all  useful 
in  checking  and  controlling  results,  we  have  devoted 
more  time  and  eftort  to  the  study  of  this  tissue,  and 
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the  summary  to  follow  is  based  for  the  most  part  on 
our  experiments  with  the  thyroid  gland.  Our 
experience  has  been  confined  wholly  to  autotransplan- 
tation  and  homotransplantation,  and  for  the  sake  of 
clearness  it  seems  best  to  present  the  data  under  these 
two  divisions  rather  than  according  to  the  tissues  used. 

AUTOTR  A  N  SPL  A  N  T  ATIO  N 

We  have  made  nine  experiments  with  ovarian  tis- 
sue, transplanting  in  the  subcutaneous  tissues  of  the 
abdomen  after  removal  of  both  ovaries.  In  all.  cases 
the  stroma,  interstitial  cells  and  graafian  follicles 
s.howed  survival  and  growth  over  periods  varying 
from  thirty-four  to  219  days.  Mature  graafian  fol- 
licles were  recovered  from  two  rabbits,  associated  with 
active  hyperemia  of  the  uterus  and  the  typical  phe- 
nomena of  rut. 

'A  point  of  practical  importance  which  we  have 
observed  in  the  older  transplants  is  the  presence  of 
hemorrhagic  cysts,  due  to  the  fact  that  the  ripened 
follicles  rupture  into  themselves  instead  of  onto  a 
free  surface  as  occurs  in  the  normal,  and  these  cysts 
ultimately  produce  pressure  atrophy  of  the  ovarian 
tissue.  Apart  from  this  complication,  our  work  con- 
firms that  of  many  others  that  these  autotransplants 
are  permanent  and  show  all  the  evidences  of  func- 
tional activity. 

As  a  part  of  other  experiments,  we  have  made  six 
autotransplantations  of  spleen  tissue  in  the  subcutane- 
ous tissue  of  the  abdomen,  all  of  which  were  absorbed 
in  twelve  days. 

Parathyroid  tissue  has  accidentally  been  trans- 
planted many  times  with  the  thyroid,  and  we  have 
often  found  active  normal  looking  parathyroid  tissue 
in  thyroid  transplants  when  examined  microscopically. 

In  the  first  100  rabbits  used,  thyroid  was  success- 
fully transplanted  into  ovary,  suprarenal,  spleen,  jugu- 
lar vein,  muscle,  subperitoneal  tissues  and  into  the 
subcutaneous  tissues  of  the  neck,  chest  and  abdomen. 
In  the  second  100  rabbits,  transplantations  were  made 
uniformly  in  the  subcutaneous  tissue  of  the  abdomen, 
modified  by  one  or  more  of  the  following  conditions : 
with  the  thyroids  intact,  partially  and  completely 
removed ;  with  and  without  removal  of  spleen  suprare- 
nals,  ovaries,  and  testes ;  w- ith  and  without  the  admin- 
istration  of   phosphorus,   and   with    and    without   the 
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administralion  of  iodin  using  both  normal  and  hyper-, 
plastic  thyroids.  Of  these  factors,  the  removal  of  a 
large  part  of  the  thyroid  gland  or  the  administration 
of  iodin  materially  modifies  the  growth  and  activity  of 
the  autotransplants. 

Autotransplants  uniformly  "take"  and  "grow,"  the 
amount  of  growth  being  determined  by  the  amount  of 
thyroid  removed  and  also  by  the  administration  of 
iodin  or  desiccated  thyroid.  Cristiani  and  von  Eisels- 
berg  also  observed  that  removal  of  the  thyroid  caused 
compensatory  hyperplasia  of  transplants  irrespective 
of  their  location  in  the  body.  We  can  confirm  this 
observation.  In  every  instance,  it  was  found  that  the 
histologic  condition  of  the  transplant  was  identical  with 
that  of  the  thyroid  gland.  Both  undergo  hyperplasia 
simultaneously  and  to  the  same  degree,  and  both  invo- 
lute simultaneously  and  to  the  same  degree. 

Following  the  administration  of  iodin.  transplants 
take  up  and  retain  it  to  the  same  degree  as  the  thyroid 
gland.  Many  authors  have  stated  that  transplants  of 
thyroid  were  permanent.  We  have  observed  trans- 
plants for  more  than  a  year  through  the  phases  of 
spontaneous  and  induced  hyperplasia  and  involution, 
and  can  confirm  the  statement  tKkl  they  are  permanent 
irrespective  of  their  location. 

Inasmuch  as  such  transplanted  thyroid  tissue  under- 
goes all  the  morphologic  variations  associated  with 
growth  and  function  that  are  observed  in  nontrans- 
planted  thyroid  tissue,  and  inasmuch  as  trans- 
planted thyroid  shows  the  same  reactions  with  iodin 
and  the  same  storage  of  iodin  as  nontransplanted  thv- 
roid,  we  believe  that  this  is  suflficient  evidence  that 
such  transplants  may  grow,  involute  or  function 
equally  as  well  as  nontransplanted  thyroid.  We  can- 
not accept  the  belief  held  by  some  observers  that  spe- 
cific nerves,  whether  secretory  or  regulator}-,  are  nec- 
essary for  normal  growth  or  functional  activity  of  the 
thyroid.  The  evidence  obtained  from  these  observa- 
tions suggests  that  the  thyroid  is  truly  a  blood  gland 
m  that  the  stimuli  causing  either  increased  or  decreased 
activity  rnay  reach  it  directly  by  way  of  the  blood 
stream.  These  conclusions  are  based  on  the  study  of 
289  autothyroid  transplantations  in  141  rabbits 
observed  during  periods  varying  from  three  to  381 
days.  In  forty-one  rabbits,  only  autotransplantations 
were  made,  and  in  100  both  autotransplantations  and 
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homotransplantations  were  made ;  in  thirty-two  of  this 
100.  negative  homotransplantations  had  preceded  the 
positive  autotransplantations. 

HOMOTRANSPLANTATIOX 

We  have  made  tw^enty-six  homotransplantations  of 
sexually  mature  ovarian  tissue,  all  but  one  of  which 
showed  complete  absorption  of  the  ovarian  structure 
except  for  the  interstitial  and  luteal  cells.  The  one 
exception  was  probably  an  instance  of  the  failure  of 
the  host  to  react  to  the  foreign  tissue  in  the  usual  way. 
The  fact  that  the  lipoid  cells  of  the  ovary  can  survive 
upward  of  193  days,  while  the  stroma  and  egg  cells 
undergo  absorption  in  a  few  weeks,  shows  that  in  the 
lipoid-containing  tissue  we  are  dealing  with  a  different 
order  of  cells  against  which  the  host  reacts  ver>' 
slowly,  if  at  all.  There  is  evidence  from  the  stand- 
point of  transplantation,  as  well  as  from  that  of 
embryology  and  morpholog\-,  that  the  cells  of  the 
suprarenal  cortex  belong  to  this  series  also.  Repeated 
liomotransplantations  into  the  same  animal  of  these 
lipoid-containing  cells  of  the  ovary  would  probably 
determine  whether  or  not  the  host  eventually  develops 
a  resistance  to  this  tissue  also.  Up  to  the  present  we 
have  not  made  sufficient  experiments  to  determine  this 
point.  The  two  important  facts  observed  in  this 
series  of  homotransplantations  of  the  ovary  are  that : 
( 1 )  the  host  reacts  in  the  usual  way  and  usual  time  to 
the  egg  and  stroma  cells,  and  (2)  the  host  reacts  very 
feebly  to  the  lipoid  containing  cells. 

We  have  made  eighteen  homotransplantations  of  the 
spleen,  all  of  which  were  absorbed  in  twelve  days. 

Homotransplantations  of  thyroid  were  made  in 
spleen,  bonemarrow,  suprarenal,  ovary,  testes,  liver, 
muscle  and  subcutaneous  tissue  of  neck  and  abdomen. 
Purely  for  the  convenience  of  subsequent  examina- 
tions, we  have  used  the  subcutaneous  tissues  of  the 
abdomen  for  all  transplants  during  the  past  two  years. 

Up  to  the  present  we  have  made  567  homotrans- 
plantations in  205  rabbits  of  various  ages.  In  105  of 
these  only  homografts  were  made.  As  in  the  case  of 
thyroid  autografts,  the  conditions  have  been  varied  as 
follows :  with  and  without  removal  of  the  thyroid,  ova- 
ries, spleen  and  testes;  with  and  without  administra- 
tion of  iodin  and  phosphorus,  using  phosphorized  and 
iodized  thyroids  separately  and  together. 


A  tabulation  of  the  results  shows  that  complete 
absorption  may  take  place  as  early  as  the  tenth  day, 
and  usually  occurs  before  the  thirtieth  day  in  cases 
which  have  not  been  previously  homotransplanted. 
As  is  well  known,  repeated  homotransplantation  mark- 
edly accelerates  the  destruction  of  homografts,  due 
to  the  development  of  an  immunity,  the  nature  of 
which  is  little  understood.  On  the  other  hand,  we 
have  under  observation  two  rabbits  containing  homo- 
transplants  of  more  than  a  year's  duration,  which 
grossly  and  microscopically  resemble  autografts. 
Between  these  two  extremes,  there  are  all  gradations 
in  the  rate  of  destruction.  This  to  our  minds  is  the 
most  significant  fact  we  have  observed,  and,  in  review- 
ing the  literature,  we  have  been  unable  to  find  reports 
dealing  specifically  with  these  variations  in  large  series 
of  nontumor  transplantations. 

A  thorough  understanding  of  these  variations  would 
go  far  toward  explaining  the  causes  of  the  failure  of 
homotransplantation  and,  as  the  students  of  tumor 
point  out,  it  is  also  the  most  important  problem  con- 
fronting them.  It  seems  well  established  that  these 
variations  depend  on  the  development  of  an  immunity 
to  a  foreign  protein  (tissue),  and  tumor  investigators 
have  shown  that  the  degree  of  foreignness  of  the  tissue 
used  is  the  most  important  factor  in  its  development. 
A  study  of  our  thyroid  material  suggests  that  these 
variations  in  the  rate  of  absorption  may  be  due  to 
intrinsic  differences  in  the  reaction  of  the  host,  quite 
apart  from  and  in  addition  to  the  other  important  fac- 
tor of  the  foreignness  of  the  tissue  used.  In  the 
series  of  205  rabbits  about  92  per  cent,  destroyed  initial 
homografts  in  from  ten  to  thirty  days,  and  subsequent 
homografts.  as  is  well  known,  were  destroyed  more 
rapidly.  The  remaining  8  per  cent,  of  the  rabbits 
showed  strikingly  less  rapid  reactions  even  though  the 
same  gland  was  used  for  the  two  groups  in  most 
instances,  and  the  factor  of  blood  relationship'  could 
be  considered  most  remote.  The  following  instance, 
of  which  there  are  several  others  in  the  series,  may  be 
mentioned  in  some  detail  in  support  of  the  foregoing 
statement. 

The  thyroid  slightly  hyperplastic,  of  Rabbit  233  was  trans- 
planted into  three  rabbits  (Rabbits  226,  227  and  229).  May  8. 
1915.  Within  thirty-seven  days  the  transplant  in  Rabbit  226 
was  completely  absorbed,  and  within  ninety  days  the  trans- 


plant  in  Rabbit  227  was  absorbed,  while  the  transplant  in 
Rabbit  229  is  still  large  and  active  after  400  days.  June  14, 
1915,  the  thyroid  of  Rabbit  263  was  also  transplanted  into 
Rabbits  226,  221  and  229  and,  in  addition,  as  initial  grafts 
into  six  other  rabbits,  and  as  second  homografts  into  four 
additional  rabbits.  This  thyroid  (from  Ralibit  263)  had  dis- 
appeared from  all  but  one  of  the  thirteen  rabbits  at  the  time 
of  the  first  examination,  the  single  exception  being  Rabbit 
229,  which  still  has  a  homotransplant  of  400  days  from 
Rabbit  223.  This  second  positive  homograft  was  removed  at 
the.  two  hundred  and  forty-third  day,  and  in  both  gross  and 
microscopic  appearances  had  all  the  characteristics  of  an 
autograft. 

These  experiments  show  that  one  has  to  deal  with 
variations  in  the  resistance  of  animals,  which  is  quite 
independent  of  the  thyroid  used.  It  is  clear,  therefore, 
that  when  one  finds  an  animal  in  which  an  initial 
homograft  is  positive,  subsequent  homografts  from 
unrelated  animals  may  remain  and  act  as  autografts. 
On  the  other  hand,  we  have  never  seen  a  positive 
homograft  following  an  initial  negative  homograft,  no 
matter  what  the  age,  sex  or  hXooA  relationship  of  the 
rabbits  used. 

Turnmg  now  to  the  second  factor  in  the  variations 
of  the  rate  of  absorption,  namely,  the  degree  of  for- 
eignness  of  the  tissue  used,  there  is  evidence  that  one 
can  modify  the  rate  of  absorption  by  modifying  the 
condition  of  the  host  and  also  the  chemistry  and  physio- 
logic activity  of  the  thyroid  used,  as  is  demonstrated  in 
the  following  experiments : 

In  three  rabbits  with  thyroids  intact  (Ral)bits  237.  238  and 
239),  potassium  iodid  was  given  in  20  mg.  doses  for  two 
weeks  previous  to  transplantation.  These  three  were  then 
partially  thyroidectomized  and  transplanted  on  the  left  side 
from  the  thyroid  of  Rabbit  254,  in  which  marked  hyperplasia 
had  been  induced  by  a  previous  partial  thyroidectomy.  The 
same  hyperplastic  thyroid  was  transplanted  into  the  left  side 
of  two  other  rabbits  (Rabbits  255  and  256)  which  had  had 
similar,  previous  partial  thyroidectomies  and  whose  thyroid 
stumps  were  hj'perplastic.  The  iodized  and  quiescent  thyroid 
of  Rabbit  237  was  at  the  same  time  transplanted  into  the 
right  side  of  all  five  (Rabbits  237,  238,  239,  225  and  256). 
Subsequent  examination  of  the  thyroid  grafts  made  from  the 
hyperplastic  thyroid  into  both  the  iodized  and  noniodized 
rabbits  shows  that  in  the  two  rabbits  (255  and  256)  with 
previous  partial  thyroidectomies  absorption  occurred  in 
^  thirty  days ;  while  in  the  three  iodized  rabbits  {211 .  238  and 
•239)   the  grafts  disappeared  in  one   (Rabbit  237)    after  fifty 


days;  in  the  second  (Rabbit  239)  it  was  positive  and  was 
recovered  at  necropsy  144  days  later  and  in  the  third  (Rabbit 
238).  the  graft  was  positive  at  149  days  but  had  disappeared 
at  the  two  hundred  and  first  day. 

Subsequent  examination  of  the  right  thyroid  grafts  made 
with  the  iodized  thyroid  of  Rabbit  237  shows  that  in  the  non- 
iodized  rabbits  (255  and  256)  absorption  occurred  in  the 
usual  time,  while  in  the  two  iodized  rabbits  (238  and  239). 
this  thyroid  was  removed  in  one  (Rabbit  239)  at  necropsy 
144  days  later,  and  in  Rabbit  238  the  transplant  is  still  large 
and  active  at  382  days  and  resembles  in  all  respects  an  auto- 
graft. 

This  series  of  experiments  shows  clearly  that  when 
iodized  thyroid  is  homografted  into  iodized  rabbits, 
the  rate  of  destruction  is  markedly  decreased.  As 
iodin  is  a  physiologic  constituent  of  thyroid,  and  as 
these  experiments  show  that  its  previous  adrninistra- 
tion  to  both  donor  and  host  delays  the  rapidity  of 
absorption  of  homografts,  it  seems  certain  that  it  is 
possible  to  modify  the  usual  reaction  of  the  host  by 
strictly  physiologic  means.  While  iodin  favorably 
affects  the  thyroid,  there  is  no  evidence  that  it  has  a 
similar  action  on  other  homografted  tissues.  Its  influ- 
ence on  the  fate  of  the  thyroid  h.omograft  suggests, 
however,  that  it  may  be  possible  to  modify  the  host's 
reaction  to  other  homografted  tissues  through  one  or 
more  of  their  specific  chemical  constituents. 

SUMMARY 

Concerning  autografts  we  have,  been  able  to  confirm 
the  conclusions  of  others  that  thyroid  when  trans- 
planted shows  all  the  evidence  of  growth,  function  and 
permanence,  and  to  the  same  degree,  as  does  the  non- 
transplanted  thyroid.  This  work  also  shows  that  spe- 
cific nerves,  whether  secretory  or  regulatory,  are  not 
necessary  either  for  the  control  of  growth  or  of  func- 
tion in  the  case  of  the  thyroid. 

Concerning  the  behavior  of  thyroid  homografts,  it 
seems  established  that  both  the  host  and  the  tissue  used 
for  the  grafts  modify  their  duration.  These  two  fac- 
tors may  be  quite  independent,  antagonistic  to  or  help- 
ful to  each  other.  In  the  case  of  the  thyroid  this 
reaction  may  be  modified  by  iodin. 

Lastlv.  the  future  of  tissue  transplantation  as  a 
therapeutic  means  rests  on  a  solution  of  the  problem 
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of  the  homograft,  and  it  is  also  certain  that  whatever 
headway  is  made  in  overcoming  the  obstacles  to  homo- 
grafting  will  to  an  equal  degree  be  applicable  to  the 
solution  of  the  tumor  problem. 
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THE  relation  of  the  thyroid  to  the  sex 
organs  in  the  female  is  the  most  an- 
cient and  classical  illustration  of  the 
interrelation  of  the  function  of  glands 
with  internal  secretions.  Known  to  the  an- 
cients in  its  crudest  external  manifestation, 
a  subject  of  their  daily  gossip,  it  has  passed 
down  through  the  ages.  Even  today,  in 
spite  of  the  records  of  thousands  of  observa- 
tions and  experiments,  we  must  confess  to 
a  very  meager  insight  into  the  fundamental 
physiological  processes  involved. 

Experimental  approach  is  difficult.  The 
lower  animals  lack  the  obvious  manifesta- 
tions seen  in  man.  The  search  for  hormones, 
chemical  activators  and  depressors  is  still 
in  its  infancy.  However,  many  facts  of  im- 
portance are  known  and  I  shall  review  some 
of  them  on  the  following  pages. 

Of  the  several  possible  tissues  whose  ac- 
tivities may  be  concerned,  the  thyroid,  ad- 
renal, and  sex  glands  appear  most  important. 
The  adrenal  medulla  is  important  because  of 
the  effect  of  its  hormone  on  all  sympathetic 
nerve  endings;  the  adrenal  cortex  because 
embryologically  it  is  identical  with  the  intersti- 
tial cells  of  the  ovary.  Both  the  adrenal  cortex 
and  interstitial  cells  are  characterized  by  a 
high  lipin  content,  the  physiological  role  of 
which  is  unknown,  although  there  are  many 
facts  to  indicate  that  it  is  of  great  importance. 
Both  tissues  reciprocate  in  their  physiological 
hyperplasias,  and  reasoning  from  analogy  with 
the  male,  these  lipin-rich  interstitial  cells  prob- 
ably play  an  important  role  in  the  development 
and  maintenance  of  the  secondary  sexual 
characteristics. 

Ancestrally  the  thyroid  exists  in  the  chor- 
dates  in  two  forms  —  as  an  elaborate  ventral 
midline  pharyngeal  glandular  groove,  the  so- 
called  "endostyle"  in  all  the  lower  chordates 
—  tunica  tes.  amphioxus  and  ammocoetes 
, (larval  lampreys),  and  as  the  familiar  ductless 
I  thyroid  in  all  higher  chordates  —  adult  1am- 
jpreys,  fish,  amphibians,  reptiles,  birds,  and 
Imammals.     Fortunately,    the    animal    (lam- 


prey) in  which  the  transition  from  endostyle 
to  thyroid  can  be  followed,  still  exists,  other- 
wise this  extraordinary  metamorphosis  could 
not  have  been  estabhshed. 

The  thyroid  then  is  primarily  a  pharyngeal 
gland,  probably  closely  related  both  to  diges- 
tion and  respiration  and  in  the  thyroid  of 
higher  animals,  all  its  known  activities  are 
still  intimately  related  to  metabohsm.  Vari- 
ations in  size  within  physiological  limits  are 
characteristic  of  all  three  of  these  tissues.  In 
man,  the  dog  and  the  cat  it  is  the  thyroid  which 
shows  the  largest  variations,  while  in  rabbits 
the  adrenal  cortex  and  ovaries  show  greater 
variations  in  size  than  the  thyroid. 

It  is  usually  stated  that  the  thyroids  in 
women  are  larger  per  unit  of  body  weight 
than  in  men.  This  is  in  general  true,  so  far 
as  anatomical  statistics  can  go,  but  it  has 
misled  some  authors  to  imply  that  the  dif- 
ference is  inherent,  while  in  truth  it  is  ac- 
quired and  can  be  entirely  controlled. 

All  the  known  physiological  activity  of  the 
thyroid  is  associated  with  iodine.  Used  in 
ignorance  from  the  most  remote  times  in  the 
form  of  sponge  ash,  sea-weed,  crude  salt, 
etc.,  in  the  treatment  of  th}Toid  enlargement, 
discovered  as  an  element  in  181 1  by  the 
Frenchman  Courtois,  first  knowingly  used 
in  medicine  by  the  Geneva  physician,  Coindet, 
in  1820,  it  remained  for  Baumarm,  of  Freiburg, 
to  discover  it  as  a  normal  constituent  of  the 
thyroid  in  1895.  Iodine  is  usually  present 
only  in  traces  in  the  thyroid  at  birth,  unless 
the  mother  has  been  given  iodine,  when  it  is 
enormously  increased.  In  the  normal  gland 
there  are  wide  variations  in  the  iodine  con- 
tent. The  average  is  about  0.2  per  cent  of 
the  dried  weight  or  from  10  to  15  milligrams 
in  the  whole  gland.  The  iodine-containing 
hormone  is  bound  with  the  globulin  of  the 
colloid  from  which  Kendall  has  recently  been 
able  to  separate  it  by  alkaline  hydrolysis  and 
to  obtain  it  in  crystalline  form.  Its  chemical 
nature  is  unknown,  though  Kendall  thinks  it 
is  a  di-iodo-indol. 


SURGERY,  GYNECOLOGY  AND  OBSTETRICS 


In  general,  the  (iodine  of  the  thyroid  varies 
with  the  amount  of  colloid.  Iodine  is  mark- 
edly decreased  in  the  developmental  stages 
of  all  goiters  and  following  the  administra- 
tion of  its  soluble  salts  it  is  almost  instantly 
taken  up  by  the  thyroid.  Physiologically 
this  iodine-containing  hormone  is  the  most 
powerful  activator  of  metabolism  known. 
This  effect  appears  to  be  brought  about 
through  stimulation  of  the  oxidation  processes 
and  if  the  work  of  Asher  and  Flack  and  of 
Cannon  and  his  co-workers  is  confirmed,  the 
influence  of  epinephrin  is  very  important 
in  augmenting  its  action  and  vice  versa  the 
influence  of  the  thyroid  hormone  greatly  aug- 
ments the  pressor  activity  of  epinephrin. 
With  our  present  knowledge  we  attempt 
to  explain  the  instances  of  increased  functional 
activity  of  the  gland  on  the  basis  of  an  in- 
creased demand  for  thyroid  activity  or  what 
amounts  to  the  same  thing,  an  increased  de- 
mand for  the  iodine-containing  hormone. 

Thyroid  enlargements  appear  to  be  com- 
pensatory or  work  hypertrophies  and  are 
readily  controlled  or  prevented  by  the  ad- 
ministration of  very  minute  amounts  of 
iodine.  Removal  of  the  thyroid  is  followed 
by  similar  basic  symptoms  in  both  young  and 
adult  animals.  They  all  depend  upon  de- 
pression of  the  various  activities  of  tissues 
and  a  decrease  in  total  metabolism.  In  the 
young,  this  change  manifests  itself  in  arrested 
growth  and  development,  sexual,  somatic 
and  mental  —  the  so-called  cretin.  In  the 
adult,  loss  of  sexual  functions,  increased 
fatty  deposits,  mental  deterioration,  anaemia, 
and  malnutrition  of  all  the  tissues  are  the 
most  prominent  manifestations.  There  is 
no  evidence  of  selective  action  or  that  certain 
organs  or  groups  of  organs  are  more  affected 
than  others.  Superficially  this  might  seem 
to  be  the  case  because  certain  symptoms,  like 
those  of  the  nervous  system  or  genital  sys- 
tem, are  more  obvious  and  earlier  recognized. 

Removal  of  the  thyroid  like  removal  of 
the  ovaries  or  adrenals  is  usually  accompanied 
by  persistence  of  the  thymus,  spleen  enlarge- 
ment, enlargement  of  the  lymph  glands  and 
a  lymphocytosis.  Nothing  is  known  as  to 
the  cause  of  these  changes.  Removal  of  a 
large  portion  of  the  adrenals  in  rabbits  causes 


slight,  though  definite,  hypertrophy  of  the 
thyroid  and  lymphoid  hyperplasia.  This  is 
also  seen  in  Addison's  disease  in  man,  and 
might  be  explained  as  part  of  the  adrenal- 
thyroid  interrelation. 

■Removal  of  the  adrenals  also  causes  hy- 
pertrophy of  the  interstitial  tissue  of  the 
ovaries  in  rabbits,  and  removal  of  the  ovaries 
causes  hypertrophy  of  the  adrenal  cortex  or 
even  of  subcutaneous  transplants  of  adrenal 
cortex. 

Removal  of  the  ovaries  in  animals  probably 
tends  to  decrease  the  activity  of  the  thyroid. 
There  is  no  evidence  that  this  is  a  direct 
effect.  The  various  attempts  to  estabUsh 
a  direct  relationship  between  the  thyroid  and 
ovaries  by  a  comparison  of  the  influence  of 
extracts  on  metabolism  have  given  negative 
or  doubtful  results.  Through  the  study 
of  cryptorchids,  and  experiments  of  Hgating 
the  vas  deferens  it  has  been  definitely  estab- 
hshed  that  the  interstitial  lipin-rich  cells  of 
the  testes  largely  determine  the  male  second- 
ary sexual  characters.  In  the  case  of  the 
ovary  it  is  not  possible  to  separate  the  oogenic 
cells  from  the  interstitial  cells,  but  the  at- 
tempts thus  far  made  suggest  that  these 
cells  play  a  very  important  and  similar  r61e 
in  the  secondary  sex  characters  of  the  female. 

Nevertheless,  it  is  an  outstanding  fact 
that  in  man  thyroid  hyperplasia  is  many 
times  (6  to  8)  more  common  in  the  female 
during  and  after  adolescence  than  in  the 
male  during  and  after  adolescence.  Up  to 
this  period  sex  makes  no  difference  in  the 
incidence.  Congenital  goiter  is  not  influenced 
by  sex  and  in  all  the  lower  animals  sex  like- 
wise has  no  influence,  the  incidence  remaining 
the  same  at  all  periods  of  Ufe. 

In  the  human  subject,  the  periods  when 
thyroid  enlargements  most  frequently  occur 
are  at  puberty,  during  menstruation  and 
during  pregnancy.  During  each  of  these 
periods  the  body  metabolism  is  increased  and 
as  it  is  a  major  function  of  the  thyroid  to 
stimulate  oxidation  processes  in  the  body,  it 
is  probable  that  the  heightened  metabolism 
is  of  thyroid  origin  and  the  enlargement  of 
the  thyroid  at  these  times  is  a  true  work  hy- 
pertrophy. This  view  is  supported  by  the 
facts    that  supplying    the  iodine-containing 
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hormone  artificially  or  even  iodine,  from 
which  the  gland  can  elaborate  its  own  hor- 
mone in  increased  amounts,  prevents  the 
hypertrpohy,  and  in  any  developing  h>per- 
trophy  of  the  gland  the  iodine  is  decreased. 
In  rut  and  pregnancy  of  the  lower  animals 
these  changes  are  too  slight  for  certain  de- 
tection, though  many  authors  have  reported 
mUd  degrees  of  thyroid  hypertrophy  in  both 
rut  and  pregnancy.  I  have  given  consider- 
able attention  to  the  study  of  this  feature 
and  have  never  been  able  to  detect  any 
change  in  size,  histological  appearance,  or 
iodine  content  greater  than  the  range  of 
changes  found  normally  in  either  sex  un- 
associated  with  sexual  activity.  An  in- 
crease in  metabohsm  occurs  in  animals  also 
during  rut  and  pregnancy  and,  therefore,  some 
increase  in  thyroid  activity  is  probable,  but 
it  is  too  slight  to  be  recognized  by  mor- 
phological or  chemical  changes  in  the  thyroid 
as  can  often  be  done  in  man. 

The  degree  of  change  in  the  thyroid  during 
puberty,  menstruation,  and  pregnancy  is 
normally  slight,  amounting  to  no  more  than 
the  enlargement  incident  to  the  increased 
blood  supply.  Occasionally  hypertrophy  of 
the  epithelium  occurs,  and  always  there  is 
some  decrease  in  the  iodine  content.  Cellular 
hypertrophy  is  not  possible  until  a  great 
drop  in  the  iodine  has  taken  place.  In  the 
dog,  ox,  sheep,  pig,  and  man  it  has  to  fall  to 
less  than  o.i  per  cent  as  comparing  with  a 
normal  of  over  0.2  per  cent  of  the  dried  weight. 
These  anatomical  changes  are  identical  with 
those  which  occur  in  developing  goiters,  and 
in  goiter  districts  it  is  at  these  periods  that 
simple  goiter  most  frequently  develops.  The 
development  of  great  enlargements  of  the 
thyroid  at  these  periods  merely  means  the 
coincidence  of  the  cyclic  sexual  factor  with 
the  continuously  operating  causal  agent  of 
simple  goiter  and  must  not  be  confused  with 
the  slight  increase  in  activity  or  better,  the 
slight  temporary  insufficiency  of  the  thyroid 
;  of  sexual  origin. 

I  It  is  possible  that  the  same  chemical  dis- 
I  turbance  initiates  the  thyroid  change,  both 
in  sexual  activity  and  in  simple  goiter,  the 
!  difference  being  one  of  degree.  This  is  purely 
»a  speculation,  for  experimental  work   so  far 


has  furnished  no  suggestive  lead  as  to  the 
exciting  cause  of  either.  Nor  has  the  study 
of  menstrual  disturbances,  of  the  pathological 
physiology  of  pregnancy  or  of  diseases  of 
the  genital  tract  thrown  any  light  on  the 
nature  of  the  thyroid  reaction  associated  with 
sexual  activity. 

The  extensive  study  of  the  relation  of  the 
sex  glands  to  Basedow's  disease  likewise  has 
given  no  clue  to  the  nature  of  the  thyroid  sex 
gland  interrelation;  though  the  incidence  as 
regards  sex  is  similar  to  that  of  simple  goiter. 

To  summarize,  it  may  be  stated  that  there 
is  evidence  in  man  of  a  thyroid  sex  gland  in- 
terrelation recognizable  in  the  female  in 
association  with  the  development  of  second- 
ary sexual  characters,  with  menstruation  and 
with  pregnancy  and  also  in  the  male  at 
puberty,  but  to  a  very  slight  degree.  The 
meager  evidence  available  would  tend  to  in- 
dicate that  the  interstitial  cells  of  the  ovary 
and  perhaps,  also,  the  adrenal  cortex  play  a 
major  r61e  in  this  relation  in  the  female,  as 
certainly  the  cells  of  Leydig  do  in  the  male. 

The  thyroid  enlargement  is  of  the  nature  of 
a  work  hypertrophy  to  stimulate  metabolism 
identical  in  appearance  and  so  far  as  we  know, 
different  only  in  degree  from  that  seen  in 
simple  goiter.  Both  of  these  reactions  can 
be  controlled  and  prevented  either  indirectiy 
by  giving  iodine  or  directly  by  giving  the 
iodine-containing  hormone  in  physiological 
doses. 
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TRANSPLANTATION  OF  THE  THYMUS  IN  RABBITS-RELATION 
OF  THE  THYMUS  TO  SEXUAL  MATURITY 


By  David  Marine,  M.D.,  and  O.  T.  Manley,  M.D.,  Cleveland,  Ohio. 


THE  objects  of  these  experiments  were  to  obtain  more  definite  data  on  the 
transplantability  of  the  thymus;  and  if  transplantable  in  accessible  locations, 
ro  utilize  this  means  of  studying  its  behavior  in  relation  to  sexual  maturity  and 
breeding. 

The  thymus  normally  undergoes  a  striking  atrophy  or  involution  at  puberty. 
It  .seems  well  established  by  the  work  of  Paton  and  Goodall,  Henderson,  Cal- 
zolan  and  others,  that  removal  of  the  gonads  before  puberty  delays  thymus  in- 
volution; that  thymus  removal  hastens  sexual  maturity  in  rabbits;  and  that  ani- 
mals allowed  to  breed  show  earlier  thymus  involution  than  those  not  so  used. 

In  our  experiments,  we  have  removed  all  the  main  thymus  mass  (exposing 
the  gland  by  splitting  the  sternum  to  the  third  rib)  except  the  upper  portion  of 
one  of  the  cervical  cornua,  and  have  transplanted  small  (2  to  3  mm.)  fragments 
into  the  subcutaneous  tissue  of  the  abdomen.  Contrary  to  the  results  of  Renton 
that  transplants  in  the  subcutaneous  tissues  did  not  survive,  we  have  found  that 
it  can  be  readily  transplanted  in  this  location  in  sexually  immature  rabbits. 
\\  hether  the  peritoneal  or  subperitoneal  tissues  are  still  more  favorable,  as  some 
authors  state,  we  have  no  data. 

As  with  the  spleen,  only  autotransplants  have  survived.  Immediately  after 
thymectomy,  as  above  described,  two  autotransplants  were  placed  in  the  sub- 
cutaneous tissue  of  the  abdomen  of  each  of  8  rabbits.  Each  rabbit  was  between 
three  and  one-half  and  four  months  old.  Six  of  these  rabbits  have  been  obsers^ed 
for  three  months,  and  the  transplants  examined  directly  at  monthly  intervals. 
Two  females  were  kept  with  one  of  the  males.  Examination  at  the  end  of  the 
first  month  showed  that  both  were  presfnant,  which  is  earlier  than  rabbits  usually 
breed.  At  the  gross  examination,  the  transplants  in  all  three  seemed  negative, 
thoneh  the  enlarging  breasts  made  the  examinations  unsatisfactory.  One  trans- 
plant area  was  removed  from  each  and  examined  histologically.  In  lue  female, 
there  was  an  active  transplant,  while  in  the  other  female  and  the  male  the  trans- 
plants had  undergone  nearly  complete  absorption.  Of  the  remainin^^  five,  two 
died  before  the  end  of  the  first  month.  The  remaining  three,  (two  females  and 
one  male)  had  active  transplants,  the  male  and  one  female  having  large  4  mm. 
transplants,  showing  clearly  that  growth  had  occurred. 


At  the  beginning  of  the  second  month,  the  female  with  the  large  thymus 
transplants  was  bred,  and  at  the  end  of  the  second  month  these  transplants  could 
not  be  fpund,  though  on  account  of  the  lactating  breasts  the  examination  was 
not  satisjfactory.  The  male  with  large  transplants  at  the  end  of  the  first  month 
had  active  transplants,  possibly  larger  than  at  the  first  examination.  The  unbred 
female  also  had  active  transplants. 

Again  at  the  examination  after  three  months,  the  male  and  female  (now 
over  sevfen  months  old)  kept  isolated,  still  had  active  transplants.  One  from 
each  wab  removed  for  histologic  examination.  Microscopically,  these  are  en- 
capsulated vascular  masses  of  compact  lymphoid  tissue.  There  is  no  increase  in 
fibrous  tissue  about  thymus  transplants  as  is  usually  seen  around  spleen  grafts. 

The  remaining  four  (used  for  breeding)  were  also  examined  at  the  end 
of  three  months,  and  the  five  remaining  transplant  areas  removed.  Definite  but 
small  masses  of  thymus  lymphoid  cells  were  found  in  two. 

These  experiments,  which  are  preliminary,  show  that  in  sexually  immature 
rabbits,  fragments  of  thymus  autotransplanted  into  the  subcutaneous  tissue  of 
the  abdomen  after  thymectomy  may  "take,"  grow,  and  survive.  There  is  clear 
though  scant  evidence  in  confirmation  of  other  observers'  results,  that  thymus 
removal  hastens  sexual  maturity.  Also,  as  others  have  found,  utilization  of 
rabbits  for  breeding  hastens  involution  of  the  thymus.  Our  experiments  show 
that  this;  applies  to  the  transplanted  thymus  as  well,  and  this  sugs^ests  that  a 
specific  nerve  influence  is  not  essential  for  these  involutionary  changes. 


STUDY    OF    A    CASE    OF    DIABETES    INSIPIDUS    WITH 
SPECIAL  REFERENCE  TO  THE   MECHANISM   OF   ' 
THE  DIURESIS  AND  OF  THE  ACTION  OF 
PITUITARY   EXTRACT   ON    IT* 

C     D.     CHRISTIE,     M.D.,     and    O.     N.     STEWART,     M.D. 

CXEVELAXD 

The  case  of  diabetes  insipidus  reported  in  this  paper  presented,  on 
account  of  the  high  degree  of  the  diuresis,  an  unusually  good  oppor- 
tunity for  the  study  of  certain  points  in  connection  with  the  mechanism 
of  the  diuresis  and  the  influence  on  it  of  extracts  of  the  posterior  lobe 
of  the  pituitary  body.  Although  it  was  not  possible  to  induce  the 
patient  to  remain  long  enough  in  the  hospital  to  enable  us  to  complete 
our  program,  the  results  obtained  seem  worthy  of  being  recorded. 

The  manner  in  which  the  excretion  of  water  by  the  kidney  is  regu- 
lated has  formed  the  subject  of  recent  papers  by  Priestley*  and  by 
Haldane  and  Priestley.^  They  find,  as  T.  M.  Wilson,^  working  under 
the  direction  of  one  of  us,  previously  showed,  that  the  drinking  of 
water  is  followed  by  a  small  diminution  of  the  specific  conductivity  of 
the  blood  serum.  According  to  Wilson,  the  meaning  of  this  would 
seem  to  be  that  "when  the  relative  volimie  of  serum  is  increased  (e.  g., 
by  drinking  water)  the  serum  becomes  more  dilute  as  regards  salts, 
and  therefore  has  a  diminished  specific  conductivity.  When  the  serum 
diminishes  in  amount,  water  seems  to  pass  out  of  it  in  greater  pro- 
portion than  salts."  Haldane  and  Priestley  were  unable  to  demon- 
strate any  change  in  the  relative  volume  of  the  plasma  which  could 
be  detected  by  estimating  the  percentage  hemoglobin  content.*  But 
Wilson,  using  a  more  delicate  test,  the  determination  of  the  rela- 
tive volume  of  corpuscles  and  plasma  by  the  electrical  method,'  was 
able  to  show  that  coincident  with  the  decrease  in  the  conductivity  of 
the  serum  there  was  a  slight  increase  in  its  volume  as  compared  with 
that  of  the  corpuscles. 


♦From  the  Department  of  Medicine  of  Lakeside  Hospital  and  the  H.  K. 
Gushing  Laboratory  of  Experimental   Medicine,  Western   Reserve  University. 
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It  seemed  to  us  not  unlikely  that  during  the  great  and  abrupt 
changes  in  the  diuresis  produced  in  our  case  by  posterior  lobe  extract, 
or  by  withholding  water,  or  allowing  it  in  the  enormous  amounts 
habitually  taken  by  the  patient,  a  greater  and  therefore  more  easily 
detectable  effect  might  be  produced  on  the  blood  than  was  possible  in 
any  normal  individual. 

An  attempt  was  made  by  measuring  the  blood  flow  through  the 
harids  to  determine  whether  posterior  lobe  extract  produced  any  effect 
on  the  superficial  vessels  which  might  afford  support  to  the  view  that 
it  affects  the  diuresis  by  a  change  of  caliber  of  the  renal  vessels. 

The  ability  of  the  kidney  to  excrete  a  concentrated  urine,  and  its 
behavior  to  so-called  "functional  tests,"  were  also  investigated. 

An  attempt  to  review  the  theories  which  have  at  various  times  been 
held  in  regard  to  the  mechanism  of  diabetes  insipidus  would  be  out  of 
place.  It  will  suffice  for  our  purpose  to  refer  to  a  few  of  the  investi- 
gations which  have  seemed  to  connect  the  condition  with  a  change  in 
the  activity  of  the  pituitary  body. 

The  frequent  association  of  diabetes  insipidus  with  tumors  and  injuries  about 
the  base  of  the  brain,  and  the  demonstration  by  Claude  Bernard  that  puncture 
of  the  floor  of  the  fourth  ventricle  occasionally  produced  a  polyuria  without 
glycosuria,  led  many  observers  to  the  belief  that  the  disease  was  in  some  way 
dependent  on  the  central  nervous  system.  Magnus  and  Schafer'  demonstrated 
that  extracts  of  the  hypophysis  caused  an  increased  urine  output.  Schafer  and 
Herring^  showed  the  diuretic  effect  of  hypophyseal  extract  to  be  a  property  of 
the  pars  intermedia.  They  claimed  the  diuretic  action  was  due  to  a  direct  stimu- 
lation of  the  kidney  cells,  associated  with  local  dilatation  of  the  kidney  vessels. 
The  work  of  Schafer  and  Herring  has  been  pretty  generally  accepted.  These 
observations  suggested  that  diabetes  insipidus  might  be  a  manifestation  of  a 
hyperactive  pituitary  body. 

Gushing*  later  pointed  out  that  patients  and  animals  frequently  developed  a 
diuresis  following  the  removal  of  the  posterior  lobe  of  the  pituitary  body 
which  was  not  unlike  diabetes  insipidus.  Frank'  observed  a  patient  in  whom 
diabetes  insipidus  had  developed  coincidently  with  the  lodgment  in  the  sella 
turcica  of  a  bullet  which  encroached  on  the  posterior  lobe  of  the  pituitary 
body.  Lewis  and  Mathews"  produced  an  analogous  condition  in  dogs  by 
inserting  foreign  material  in  the  sella  which  encroached  on  the  pituitary  body. 
Such  observations  cast  doubt  on  the  conception  that  diabetes  insipidus  was  the 
result  of  an  overfunctioning  posterior  lobe.  Gushing,*  von  den  Velden  and 
Farmi"  expressed  the  view  that  diabetes  insipidus  was  the  result  of  an  under- 
functioning  pituitary  body. 

There  are  in  the  literature  a  number  of  instances  of  patients  suffering  from 
diabetes  insipidus  who  have  experienced  amelioration  in  the  symptoms  after 
intramuscular  injection  of  posterior  lobe  extract.     Recently  recorded  instances 
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are  those  of  Motzfeldt"  and  Eisner."  Motzfeldt  reported  three  cases  in  which 
the  urine  output  was  cut  down  markedly,  and  in  one  of  the  patients  there 
had  been  almost  complete  relief  from  the  symptoms  by  the  administration  of 
the  fresh  posterior  portion  of  the  gland  by  mouth. 

REPORT  OF  CASE 

History. — C.  F.,  woman,  single,  aged  31,  was  admitted  to  the  Lakeside  Hos- 
pital medical  service,  Nov.  13,  1916. 

The  patient's  health  had  always  been  good  until  the  present  trouble  began. 
There  was  no  history  of  acquired  or  congenital  syphilis.  She  was  well  and 
working  regularly  four  years  prior  to  admission,  when  she  noticed  rather  sud- 
denly that  she  was  passing  larger  quantities  of  urine  than  usual  and  that  her 
thirst  was  unquenchable.  She  was  forced  to  give  up  her  work  within  a 
short  time.  She  gradually  became  very  weak,  but  did  not  lose  weight.  Since 
that  time  her  condition  has  remained  much  the  same.  Some  days  the  urine 
output  and  the  thirst  have  been  greater  than  on  other  days.  The  urine 
output,  as  near  as  we  could  determine  from  the  history,  has  ranged  from  8  to 
16  liters  daily.  During  this  time  she  has  had  several  attacks  in  which  she 
would  be  confined  to  bed  with  shortness  of  breath  and  swollen  legs.  She 
has  also  suffered  intensely  with  a  "breaking  out"  on  the  hands  and  arms,  worse 
in  winter,  when  the  pain  and  itching  are  almost  intolerable. 

Physical  Examination. — If  it  were  not  for  an  anemia  the  patient  would  appear 
in  robust  health.  She  is  well  developed  and  slightly  inclined  toward  adiposity. 
The  skin  was  extremely  dry  and  showed  a  high  grade  of  anemia.  On  the  dorsum 
of  the  forearms  and  hands  there  was  a  papulosquamous  eruption.  The  skin  in 
these  areas  was  extremely  rough  and  dry,  with  multiple  fissures.  There  was 
some  slight  oozing  in  spots,  with  scab  formation  (dermatitis  hiemalis).  The 
examination  of  the  eyes,  pupils  and  eyegrounds  was  entirely  negative.  There  was 
a  venous  hum ;  no  thyroid  enlargement.  The  examination  of  the  chest  was  nega- 
tive, aside  from  rather  extreme  cardiac  enlargernent.  No  murmurs  or  adventi- 
tious sounds  were  heard  over  the  precordium.  The  pulse  was  regular  and  there 
was  no  elevation  of  blood  pressure.  There  was  a  moderate  increase  in  the 
volume  of  the  liver,  but  it  was  not  tender.  Examination  of  the  nervous  system 
revealed  no  abnormal  findings. 

The  urine  was  pale,  of  large  quantity,  and  low  specific  gravity.  There  was 
a  faint  trace  of  albumin  in  the  admission  specimen,  but  subsequent  examinations 
revealed  none.     There  were  no  casts. 

The  blood  showed:  hemoglobin  (Sahli),  35  per  cent.;  white  blood  cells, 
7,800;  red  blood  cells,  3,700,000. 

Lumbar  puncture  revealed  no  increase  in  pressure;  fluid  normal  in  appear- 
ance; two  cells  per  cubic  centimeter.  The  Noguchi  and  Wassermann  tests 
were  negative. 

Roentgenograms  of  the  region  about  the  sella  turcica  showed  no  increase 
in  the  size. 

One  sugar  determination  was  made  on  the  blood  of  this  patient  by  the 
method  of  Lewis  and  Benedict.  It  was  found  to  be  0.168  gm.  per  hundred  c.c. 
This  would  represent  a  distinct  hyperglycemia,  but  the  patient  had  never  shown 
sugar  in  the  urine,  so  immediately  following  the  above  determination  she  was 
given  250  gm.  of  dextrose  by  mouth  and  subsequent  urine  specimens  were 
examined  for  sugar.  They  were  all  negative.  The  reduction  in  the  blood  was 
probably  not  due  to  sugar. 
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METHODS  OF  STUDY 

Considerable  difficulty  was  encountered  in  the  management  of  this  case.  The 
patient  frequently  drank  2  liters  of  water  at  a  time  and  voided  a  similar  amount 
of  urine.  Strict  supervision  was  required.  She  was  placed  in  a  room  by  her- 
self and  was  constantly  watched  by  a  nurse.  Four  nurses  were  engaged  in 
her  care.  Water  was  measured  into  flasks  in  the  laboratory  and  delivered  to 
the  room  as  they  were  needed.  Other  fluids  were  measured  and  figured  in 
with  the  intake.  Food  was  given  to  the  patient  at  8  a.  m.,  12  m.,  and  5  p.  m., 
no  food  being  allowed  between  meals.  The  diet  was  general  except  on  days 
indicated  in  Figure  1  on  which  water  was  restricted.  On  these  days  the  regular 
Mosenthal  renal  test  diet  was  g^ven.  The  days  when  the  renal  test  diet  was 
being  taken,  1,000  cc.  of  water  was  given  with  each  meal  instead  of  the 
stipulated  amount.  No  water  was  allowed  between  meals  and  no  particular 
attempt  was  made  to  limit  the  water  after  8  p.  m.  on  these  days.  The  weight 
was  obtained  at  8  a.  m.  without  permitting  the  patient  to  drink  or  to  void 
after  7  a.  m. 

Blood  specimens  were  always  taken  from  the  median  cephalic  vein  into  a 
small  amount  of  oxalate,  for  blood  ureas,  sugar,  etc.  For  hematocrit  and 
electrical  conductivity  measurements,  it  was  taken  into  a  flask  with  beads  and 
immediately  defibrinated. 

EFFECT   OF   POSTERIOR   LOBE    EXTRACT 

The  profound  effect  of  intramuscular  injection  of  a  commercial 
extract  of  a  pituitary  solution  of  the  posterior  lobe  of  the  pituitary 
body  on  the  water  intake  and  the  urine  output  is  clearly  brought  out 
in  Figure  1.  As  nearly  as  could  be  determined,  the  effect  was  evident 
in  about  one  hour  following  the  administration.  For  the  first  three 
days  no  posterior  lobe  extract  was  administered.  On  the  first  day  it 
will  be  noticed  there  was  considerable  disparity  between  the  intake 
and  output.  This  was  undoubtedly  due  to  sn  error  in  counting  the 
flasks  on  the  part  of  attendants,  who  were  not  accustomed  to  the  rou- 
tine, as  the  weight  remained  constant.  On  the  following  day  the 
water  intake  was  restricted  for  twenty-four  hours,  but  the  patient 
excreted  about  5,400  cc.  more  urine  in  this  day  than  she  took  fluids. 
Figure  2  shows  that  on  this  second  day  the  patient  lost  lll^  pounds 
in  weight.  This  loss  is  accounted  for  by  the  excess  urine  output  over 
the  water  intake.  On  the  following  day,  December  5,  the  patient  kept 
some  of  the  ingested  fluid  and  recovered  some  of  her  admission  weight. 
On  the  three  following  days,  December  6  to  8,  the  patient  was  given 
posterior  lobe  extract,  1  cc,  three  times  daily,  intramuscularly. 
Although  she  was  allowed  water  at  discretion,  the  tremendous  drop  in 
water  intake  and  urine  output  will  be  noted.  Her  thirst  was  greatly 
diminished  and  the  weight  remained  practically  constant  for  the  three 
days.  December  8,  or  the  third  day  of  the  posterior  lobe  extract  period 
the  fluids  were  again  restricted  to  a  much  greater  degree  than  on 
December  4,  but  on  the  4th  she  passed  a  great  excess  of  urine  over  the 
intake  and  was  very  uncomfortable,  while  on  the  8th  under  posterior 
lobe  extract  the  output  was  only  slightly  in  excess  of  the  intake,  the 


weight  fell  about  3  pounds  and  the  patient  suffered  only  moderate  dis- 
comfort from  thirst.  From  December  9  to  11,  inclusive,  no  posterior 
lobe  extract  was  given  and  no  fluid  restriction  imposed.  The  output 
and  intake  reached  a  higher  figure  than  we  have  ever  seen  recorded. 
On  each  of  the  following  three  days,  or  from  the  12th  to  the  14th, 
inclusive,  the  patient  was  given  1  c.c.  of  posterior  lobe  extract,  and  it 
will  be  noticed  that  the  intake  and  the  outpui  were  about  one-third  of 
what  they  were  when  she  received  3  c.c.  daily.  The  weight  gradually 
crept  up  on  these  three  days  to  near  her  admission  weight.  Decem- 
ber 15  the  fluids  were  again  restricted  and  the  patient  given  3  c.c.  of 
posterior  lobe  extract.  From  5  p.  m.  until  the  following  morning, 
December  16,  at  10  a.  m.,  restriction  of  water  was  made  as  severe  as 
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Fig.  1. — Quantity  of  intake  and  output  per  day  expressed  in  liters.  Hatched 
column,  intake;  solid  column,  output.  On  days  marked  with  an  A,  fluids  were 
restricted;  other  days  there  was  no  fluid  restriction.  Days  indicated  by  a  T, 
posterior  lobe  extract  was  given  in  1  c.c.  dose,  intramuscularly,  three  times 
daily.  Days  marked  with  an  O,  a  single  dose  of  posterior  lobe  extract  was 
given  intramuscularly. 

possible  to  see  whether  any  effect  could  be  produced  on  the  conductivity 
of  the  serum  and  its  relative  volume.  The  patient  in  the  twenty-six 
hours  ending  at  10  a.  m.,  December  16,  lost  6  pounds  in  weight 

While  the  antidiuretic  effect  of  posterior  lobe  extract  given  intra- 
muscularly was  extremely  evident,  we  were  not  able  to  show  that  the 
drug  prepared  for  oral  administration  exerted  the  same  beneficial 
results,  although  the  results  have  not  been  completely  negative.  Our 
experience  with  the  oral  administration  of  fresh  posterior  lobes  from 
cattle  has  been  so  far  about  the  same  as  with  the  oral  administration 
of  the  prepared  extract.  Of  course,  it  is  obviously  impossible  to  con- 
tinue the  injections,  for  it  would  require  at  least  three  a  day  to  keep 


the  patient  in  comfort,  as  the  effect  lasts  only  from  five  to  seven  hours. 
After  that  time  there  is  complete  escape  from  the  effect.  Larger  doses, 
2  c.c.  per  injection,  were  no  more  satisfactory ;  in  fact,  less  so,  for  the 
effect  did  not  last  any  longer  and  there  were  more  unpleasant  accessory 
actions,  as  increased  irritability  of  the  bladder,  with  frequent  desire  to 
urinate. 

As  regards  the  effect  of  the  drug  on  the  blood  pressure,  the  systolic 
pressure  was  never  found  above  130  mm.  of  mercury,  and  the  diastolic 
ranged  near  75  mm.  Although  this  patient  had  a  hypertrophied  heart 
with  dilatation,  we  felt  there  was  no  contraindication  to  continuing  the 
injections.  No  change  was  noted  in  the  blood  pressure  following  the 
administration. 
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Fig.  2. — Represents  the  weight  of  the  patient  expressed  in  pounds.  These 
weights  were  obtained  at  8  a.  m.  On  days  marked  with  an  A,  fluids  were 
restricted. 


CONDUCTIVITY  AND  RELATIVE  VOLUME  OF  SERUM 

Table  1  shows  the  results  of  observations  on  three  specimens  of 
blood  and  serum.  Although  the  number  of  specimens  was  not  as  great 
as  could  have  been  wished,  owing  to  the  reluctance  of  the  patient,  the 
results  seem  to  show  clearly  enough  a  definite  although  slight  increase 
in  the  conductivity  of  the  serum  and  a  correspondingly  slight  decrease 
in  its  volume  relatively  to  that  of  the  corpuscles  when  the  intake  of 
water  was  greatly  diminished,  either  by  actual  restriction  or  by  giving 
posterior  lobe  extract,  which  lessened  the  thirst.  December  11,  as  will 
be  seen  from  Figure  1,  the  patient  took  in  and  excreted  over  20  liten 


of  water.  December  15,  under  posterior  lobe  extract  and  slight  water 
restriction  (Table  6),  the  intake  was  only  4  liters  and  the  excretion  by 
the  kidney  6^^  liters. 

In  the  seventeen  hours  preceding  the  collection  of  the  blood  speci- 
men, December  16,  water  was  restricted  as  much  as  possible  (little 
more  than  1  liter).  It  will  be  seen  (Table  1)  that  the  conductivity  of 
the  serum  of  December  16  is  the  highest,  and  its  relative  volume  the 
lowest  of  the  three  specimens,  while  the  corresponding  numbers  for 
December  16.  The  relative  volume  of  the  serum  was  determined  both 
by  the  electrical  method  and  the  hematocrit.  While  the  hematocrit 
only  gives  relative  results  on  account  of  the  difficulty  of  reaching  an 
absolutely  constant  end-point,  the  fact  that  the  longer  the  centrifugali- 
zation  is  continued  the  nearer  do  its  readings  come  to  those  of  the 
electrical  method,  confirms  the  accuracy,  at  least  for  comparative  pur- 
poses, of  the  results. 

TABLE  1. — Showing  CoNDUcrrviTY  and  Relative  Volume  of  Blood  Serum 


K  X  10*  at  5  G. 


Date 


Blood  Serum 


Percentage  VoJume  of  Serum  by 


Hematocrit* 


12/U 
12/15 

12/16 


54.6 
52.4 

58.7 


78.6 
79.5 

82.5 


79  (6%  min.)  SO  (13%  min.) 

76.5  (7  min.)  77.5  (12  min.) 
78  (17  min.) 

73  (li  min.)  74.8  (21  min.) 
75.7  (X  min.)  76.5  (36  min.) 


•  Turned  at  rate  ol  4,000  revolutions  per  minute. 

The  differences  in  conductivity  do  not  seem  to  be  even  as  great  as 
those  observed  by  Wilson  and  by  Haldane  and  Priestley,  in  whose 
observations  the  variations  in  the  quantity  of  water  transported  by  the 
blood  were  much  smaller.  It  must  be  remembered  that  the  blood  is 
simply  the  transportation  system  for  the  water,  and  the  amount  in 
transit  at  any  moment  is  no  more  an  index  of  the  amount  transported 
per  hour  or  day  than  the  number  of  cars  of  wheat  on  a  railway  on  a 
given  day  are  an  index  to  the  size  of  the  wheat  crop.  While  it  would 
not  be  justifiable  from  so  small  a  number  of  observations  to  draw  the 
conclusion  that  the  kidney  is  stimulated  to  increase  its  excretion  of 
water  by  an  even  smaller  excess  of  water  in  the  blood  in  diabetes 
insipidus  than  in  health,  the  suggestion  may  be  made  that  if  the  kidney 
is  really  abnormally  sensitive  to  water  excess,  so  that  the  threshold  of 
the  stimulus  is  lowered,  it  would  afford  an  explanation  of  the  con- 
dition.   It  must  be  remembered,  however,  that  in  this  patient  the  pro- 
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portion  of  plasma  in  the  blood  is  greater  than  normal,  so  that,  on  the 
assumption  that  the  total  volume  of  blood  is  not  less  than  normal,  the 
addition  of  a  given  amount  of  water  to  the  blood  would  not  dilute  the 
plasma  so  much  or  increase  its  relative  volume  so  much  as  in  a  normal 
person. 

MEASUREMENT    OF   THE   BLOOD   FLOW    IN   THE    HANDS 

This  was  done  on  four  days  by  the  method  previously  described  by 
one  of  us.^*  The  idea  was  to  see  whether  posterior  lobe  extract  caused 
any  definite  effect  on  the  blood  flow  through  the  superficial  vessels  at 
the  time  when  it  was  causing  a  decrease  in  the  diuresis.  If  its  anti- 
diuretic effect  was  associated  with  an  alteration  in  the  flow  through 
the  superficial  vessels  (not  associated  with  a  change  in  the  heart's 
action,  which  there  was  no  reason  to  suspect),  it  was  argued  that  this 
would  render  it  more  probable  that  vascular  reactions  were  occurring 
elsewhere,  as  in  the  kidney,  which  might  account  for  the  diminution  in 

TABLE  2. — Blood  Flow  in  the  Hands— 


Pulse 
Bate 

Temperature  (C.)  of 

Volume  of 
Hands  in  O.c. 

Heat  Given  0 

in  Grams, 

Calories 

ff 

Date 

Boom 

Arterial 
Blood 

Calorimeters 

Bight 

Left 

Right       Left 

Bight 

Left 

In  Min. 

12/11/16 

78 

24.0 
24.0 

36.92 

31.81 
31.88 

31.75 
31.86 

347            360 

i 

578 
725 

761 
1,032 

10 
10 

12/14/16 

75 

24.4 
26.4 

36.58 

81.75 

31.72 

357      1      862 

i  ■ 

287 
848 

270 
315 

10 
10 

12/15/16 

84 

24.0 
24.5 

36.90 

32.03 
32.17 

32.07 
32.26 

366            358 

983 
930 

1,108 
1,092 

10 
10 

12/16/16 

78 

24.2 
24.8 

36.90 

81.30 
31.35 

31.35 
31.45 

357            358 

602 
652 

754 
855 

10 
10 

the  excretion  of  the  urine.  A  dilatation  in  peripheral  areas  might  very 
well  be  associated  with  a  renal  constriction.  Unfortunately,  the  exist- 
ing dermatitis  on  the  patient's  hands  rendered  them  peculiarly  sus- 
ceptible to  contact  with  water,  so  that  the  uniformity  of  results  in  the 
control  observations  was  less  than  is  usually  seen  under  hospital  con- 
ditions. She  said  the  water  increased  the  irritation,  and  she  had  a 
similar  objection  to  protecting  the  skin  by  oil  or  vaselin,  so  that  it 
proved  impossible  to  get  as  many  observations  as  we  desired.  The  skin 
affection  and  the  anemia,  which  is  always  associated  with  subnormal 
hand  flow,  rendered  the  exposed  parts  abnormally  susceptible  to 
changes  of  temperature  in  the  wards.  In  spite  of  these  drawbacks, 
however,  the  four  experiments  carried  out,  the  condensed  results  of 
which  are  given  in  Table  2,  do  seem  to  indicate  an  increase  in  the 
hand  flow  under  the  influence  of  posterior  pituitary  lobe  extract. 


14.  Stewart,  G.  N.:    Heart,  1911,  3,  33. 


The  highest  flows  were  seen  on  December  15,  when  the  antidiuretic 
effect  was  well  established.  Not  only  was  the  flow  decidedly  better 
than  in  the  two  control  experiments  (on  December  11  and  December  14) 
when  no  posterior  lobe  extract  was  being  given,  but  the  flow  was  steady 
practically  from  the  time  the  hands  were  put  into  the  calorimeter,  and 
did  not  slowly  creep  up  over  a  considerable  period  of  time,  as  in  the 
control  experiments.  This  slow,  almost  reluctant,  increase  is  a  feature 
of  the  flow  in  the  hand  when  its  vessels  have  an  abnormally  great  ten- 
dency to  vasoconstriction,  and  when  the  maximum  flow  is  reached  it 
will  then,  in  any  case,  be  small.  Both  criteria,  therefore,  indicate  that 
on  December  15  the  posterior  lobe  extract  had  to  a  considerable  extent 
overcome  the  tendency  to  cutaneous  vasoconstriction.  The  measure- 
ment of  December  16,  although  it  gave  a  somewhat  lower  flow  than 
the  first  control  measflrement  (of  December  11),  is  not  really  out  of 
harmony  with  this.    The  patient  had  received  no  posterior  lobe  extract 

A  Patient  with  Diabetes  Insipidus 


Blood    Plow 

in  Gm.  per 

MiDute 

Flow  per  100  C.c. 

of  Hand  per 

Minute 

Period  in  Calorimeter 

Bemarks 

ght 

Left 

Bight 

Left 

1.46 
>.9S 

16.35 
22.66 

3.5© 
4.60 

4.54 
6.29 

First  ten  minutes 
Second  ten  minutes 

No  posterior  lobe  extract 

.45 

M 

6.17 
7.14 

1.52 
2.22 

1.70 
1.97 

Second  ten  minutes 
Third  ten  minutes 

Xo  posterior  lobe  extract 

-29 
t 

25. 4» 
26.15 

5.81 
5.96 

7.12 
7.30 

First  ten  minutes 
Second  ten  minutes 

Posterior  lobe  extract  action 

i 

15.09 
17.43 

3.34 
3.65 

4.21 

4.86 

Second  ten  minutes 
Third  ten  minutes 

Doubtful  postericn^  lobe  extract 
acticm 

for  seventeen  hours,  but  one  hour  before  the  measurement  was  started 
she  was  given  1  c.c.  Also  she  had  lost  six  pounds  in  weight  during  the 
previous  period  of  water  restriction,  and  much  of  the  water  she  was 
now  taking  was  not  being  excreted  by  the  kidneys,  but  was  going  back 
into  the  tissues.  Furthermore,  she  had  been  sitting  around  the  ward, 
as  she  wanted  to  leave  the  hospital,  and  said  that  she  had  been  cold 
all  the  morning.  Her  hands  were  cold  when  they  were  put  into  the 
bath.  The  patient  said  she  had  noticed  that  after  receiving  the  injec- 
tions the  skin  of  the  hands,  which  was  habitually  dry,  became  more 
moist  and  that  her  hands,  which  were  habitually  cold,  became  warmer. 
We  confirmed  the  statement  that  sweat  appeared  distinctly  on  the 
hands  when  she  was  under  the  influence  of  posterior  lobe  extract,  while 
at  other  times  they  were  extremely  dry. 

The  dermatitis  was  worse  on  the  left  hand  and  arm,  which  probably 
accounts  for  the  greater  flow  in  that  hand  on  December  11,  15,  and  16. 
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That  the  inequality  was  due  to  a  vasomotor  and  not  to  a  mechanical 
difference  is  shown  clearly  in  the  experiment  of  December  14,  when, 
under  the  influence  of  markedly  increased  vasoconstriction  due  to  cold 
(two  of  the  fingers  on  the  right  hand  had  been  "dead"  earlier  in  the 
day,  she  said),  the  inequality  disappeared.  If  the  flow  for  the  second 
and  third  ten-minute  periods  of  the  experiment  be  added,  they  are 
practically  equal  for  the  two  hands. 

ABILITY  OF   THE    KIDNEY   TO    CONCENTRATE   THE   URINE 

Erich  Meyer^°  advanced  the  hypothesis  that  the  diuresis  of  diabetes 
insipidus  is  primarily  the  result  of  a  disease  of  the  kidney.  Such  a 
view  has  been  maintained  essentially  on  the  assumption  that  the  kid- 
neys of  patients  afflicted  with  diabetes  insipidus  v^ere  not  able  to  elevate 
the  concentration  of  the  urine.  Mosenthal^*  has  recently  offered  evi- 
dence in  favor  of  Meyer's  hypothesis.  Histologic  examination  of  the 
kidneys  in  diabetes  insipidus  lends  no  support  to  the  view  that  the  con- 
dition is  due  to  any  structural  alterations  in  these  organs. 

There  are  now  quite  a  few  instances  recorded  in  the  literature  of 
patients  afflicted  with  diabetes  insipidus  whose  kidneys  have  shown 
definite  concentrating  ability.  Fitz,^^  in  this  country,  has  reported  a 
case  in  which  he  was  able  to  demonstrate  a  moderate  ability  on  the 
part  of  the  kidney  to  elevate  the  specific  gravity  of  the  urine.  Both 
Motzfeld^^  and  Eisner,^^  by  the  use  of  pituitary  extract  injections,  were 
able  to  show  the  same  thing,  only  to  a  more  marked  degree. 

Our  patient  had  a  severe  anemia,  which  in  itself  is  sufficient  to 
impair  the  ability  of  the  kidneys  to  concentrate  the  urine,  as  has  been 
recently  shown  by  Mosenthal,^®  Christian^*  and  unpublished  data  accu- 
mulated by  one  of  us  (C).  Probably  if  it  had  not  been  for  this  dis- 
turbing element  our  results  would  have  been  more  striking  than 
they  are. 

In  studying  the  concentrating  ability  of  the  kidneys  the  patient  was 
put  on  a  standard  Mosenthal  renal  test  diet.  This  diet  contains 
13.4  gm.  of  nitrogen,  8.5  gm.  of  sodium  chlorid  and  1,760  c.c.  of  fluids. 
No  alterations  were  made  in  the  procedure  except  to  elevate  the 
quantity  of  water  served  at  each  meal.  Days  when  these  test  diets 
were  run  have  been  indicated  in  Figure  1  by  the  term  "water  restric- 
tion." On  all  of  the  days  when  the  patient  was  taking  the  renal  test 
diet  no  attempt  was  made  to  restrict  the  patient's  water  intake  after 


15.  Meyer,  Erich:    Deutsch.  Arch.  f.  klin.  Med.,  1905,  83,  1;  Ztschr.  f.  klin. 
Med.,  1912,  74,  352. 

16.  Mosenthal:    The  Archives  Int.  Med.,  1915,  16,  733. 

17.  Fitz:   The  Archives  Int.  Med.,  1914,  14,  706. 

18.  Christian:    The  Archives  Int.  Med.,  1916,  18,  429. 
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8  p.  m.  So  in  reality  we  only  made  twelve-hour  observations ;  but  for 
completeness  the  "night"  urine  was  balanced  for  estimating  total 
nitrogen  and  chlorid  output. 

Table  3  shows  the  response  of  the  patient's  kidneys  to  a  renal  test 
meal  on  November  27,  six  days  before  our  more  accurately  controlled 
period  began.  No  posterior  lobe  extract  was  given.  The  diuresis  was 
not  so  great  on  this  day  as  it  had  been  on  other  days,  and  the  specific 
gravity  of  the  night  urine  was  distinctly  higher  than  usual.  The  excre- 
tion of  nitrogen  and  salt  was  perfectly  normal.  Although  there  was 
moderate  fixation  of  the  specific  gravity,  the  percentage  excretion  of 
salt  and  nitrogen  would  indicate  definite  concentrating  ability  on  the 
part  of  the  kidney. 


TABLE  3. — Response  of  Patient's  Kidneys  to  a  Renal  Test 
Meal  Without  Posterior  Lobe  Extract 


Time 

Amount, 
0.C 

Sp.  Gr 

Chlorids 

Per  Cent. 

Nitrogen 

Per  Cent. 

8  to  10          

1.226 
955 

1.150 
750 
400 
615 

1.000 
1.000 
i;004 
1.003 
1.005 
1.003 

10  to  12  

1-2    to    2 

2    to    4 

4    to    6 

6    to    8 

Total  day 

5,096 
1.315 

1.007 

4.50 
3^ 

O.0O 
0JJ4 

5.79 
5.67 

0.11 

Nigbt,8to8 

0.4S 

Total  otitpnt 

6.4U                 

6310        1         

1 

7J86 
8.5 

.... 

11.46 
13.4 

Intake 

+399 

; 

+0.62 



+1.94 

It  was  thought  that  if  extreme  water  restriction  were  imposed  with 
the  patient  under  the  regime  of  a  renal  test  meal  and  no  posterior  lobe 
extract,  that  the  concentrating  ability  of  the  kidney  might  be  made 
more  evident  than  in  Table  3.  Table  4  shows  the  result  of  such  an 
observation  on  December  4.  This  was  the  second  day  of  the  observa- 
tion period  and  during  the  first  ten  hours  the  patient  was  restricted  to 
1,760  c.c.  of  water.  It  was  necessary  to  tenninate  the  observation  at 
6  p.  m.,  and  allow  water.  It  will  be  seen  that  the  patient  excreted 
5,400  c.c.  more  fluid  than  she  took  in  and  lost  lli/^  pounds  in  weight, 
as  shown  in  Figure  2,  on  December  5.  The  nitrogen  and  salt  were  not 
determined  in  this  instance,  but  it  will  be  noticed  that  the  concentrating 
ability  of  the  kidnev  was  only  slightly  in  evidence. 
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TABLE  4. — Urine  Concentration   Under  Extreme  Water  Restriction 
Without  Posterior  Lobe  Extract 


Time 

Amount,  C.c. 

Specific  Gravity 

8  to  10 

1,885 

722 

1,270 

1,075 

910 

1 003 

10  to  12 

1  002 

12  to    2 

1006 

2    to    4 

LOOT 

4    to    6 V 

1  007 

Total  day 

6,962 
5,600 

Nigbt,  6  to  8 

1002 

Total  output 

11,562 
6,160 

Intake 

Balance 

—5,402 

TABLE  5. — Showing  Response  of  Patient's  Kidneys  to  a  Renal  Test  Meal 


Time 

Amount, 
C.c. 

Sp.  Gr. 

Clilorids     Per  Cent. 

Nitrogen 

Per  Cent. 

8   to  10  

320 

1.001* 

10   to  12  

100        j        l.OU 
100        i        1.018 
156               1.010 
135        :        1.015 
207               1.006 

12   to    2 

2   to    4 

i   to    6 

6  to    8 

Total  day 

1,017                

4,370                

2.01 
3.49 

0.2 
0.06 

8.27 
5.87 

0.3 

Night,  8  to  8 

0.13 

Total  output 

5,387               

4,210               

5.50 
4.40 

.... 

9.04 

Intake 

12.60 

—1,177               

—1.10 

+3.54 

*  1  cc.  posterior  lobe  extract  9  a.  m.,  3  p.  m.  and  9  p.  m. 

Table  5  represents  the  response  of  the  patient's  kidneys  to  a  renal 
test  meal  given  December  8  of  our  period  of  observation.  The  patient, 
as  shown  in  the  table,  received  three  intramuscular  injections  of  pos- 
terior lobe  extract  of  1  c.c.  each,  at  9  a.  m.,  3  p.  m.  and  9  p.  m.  In 
this  experiment,  as  well  as  in  the  subsequent  one,  it  will  be  noticed  that 
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the  9  a.  m.  dose  of  posterior  lobe  extract  did  not  show  any  marked 
effect  until  after  10  a.  m.  It  will  be  seen,  however,  that  there  is  a  dis- 
tinct ability  on  the  part  of  this  patient's  kidneys  to  elevate  the  specific 
gravity  of  the  urine.  The  nitrogen  and  salt  elimination  appear  normal. 
There  seems  to  be  a  tendency,  however,  for  the  solids  to  be  excreted  in 
greater  quantities  during  the  night.  But  this  was  just  as  apparent 
when  the  patient  was  not  under  the  influence  of  the  drug.  The  effect 
of  the  dose  given  at  9  p.  m.  usually  wore  off  between  2  and  4  a.  m. 
Table  6  shows  the  results  of  a  test  diet  day  on  December  15  of  our 
period  of  observation.  The  results  confirm  those  shown  in  Table  5, 
although  the  patient  did  not  seem  to  get  so  much  under  the  effect  of  the 
three  doses  of  posterior  lobe  extract  as  she  did  in  that  instance. 


TABLE  6. — Results  on  Urine  of  a  Test  Diet 


Time 


8  to  10  , 
10  to  12  , 
12  to    2  , 

2    to    4  . 

4    to    6, 

6    to    8  . 


Total  day... 
Nlg:bt,8to8. 


Amount,    >.     Sp.  Gr.        Chlorids     Per  Cent.     Nitrogen     Per  Cent. 

0.C  : 


1.010 
230 
922 
360 
162 
124 


2.808 
3,710 


1.001* 

1.012 

1.004 

L007 

1.012 

1.007 


1.001 


4.40 
4.04 


0.15 
0.11 


3.75 
5.35 


0.13 
0.14 


Total  output. 
Intake 


Balance. 


6,518 
4,010 


-2,508 


8.44 
4.25 


1.19 


9.10 
11.88 


+2.78 


*  1  c.c.  posterior  lobe  extract  9  a.  m.,  3  p.  m.  and  9  p.  m. 

There  was  a  phenolsulphonephthalein  excretion  of  70  per  cent,  in 
two  hours.  Blood  urea  was  twice  estimated.  Two  hours  after  an 
essentially  carbohydrate  breakfast  it  was  0.017  gm.  per  100  c.c.  The 
urea  index  at  the  same  time  was  157.  Another  blood  urea  estimation 
two  hours  following  a  protein  meal  gave  0.028  gm.  per  100  c.c.  and  a 
urea  index  of  81. 

We  can  conclude,  then,  that  with  posterior  lobe  injections  this 
patient's  kidneys  had  ample  ability  to  concentrate  the  urine.  Without 
the  drug  there  was  evidence  that  the  kidneys  had  only  a  meager  abilitv 
to  elevate  the  specific  gravity.  Other  functional  tests  all  indicated 
a  normal  kidney  excretion. 
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SUMMARY 


The  regulation  of  the  excretion  of  water  by  the  kidney  was  studied 
in  a  case  of  diabetes  insipidus.  It  was  supposed  that  on  account  of  the 
high  degree  of  the  diuresis,  the  great  quantity  of  water  ingested  and 
transported,  and  the  marked  diminution  in  the  excretion  and  ingestion 
caused  by  pituitary  posterior  lobe  extract,  the  conditions  for  such  a 
study  would  be  unusually  favorable. 

The  conductivity  of  the  blood  serum  was  slightly  increased  and  the 
relative  volume  of  serum  slightly  diminished  when  the  water  excretion 
was  lessened  by  posterior  lobe  extract  or  by  water  restriction. 

The  blood  flow  in  the  hands  seemed  to  be  increased  during  the 
antidiuretic  action  of  posterior  lobe  extract.  This,  so  far  as  it  goes, 
supports  the  view  that  a  vascular  effect  in  the  opposite  direction  on  the 
renal  vessels  may  be  responsible  for  the  diminution  in  the  urine 
excretion. 

It  was  shown  that  under  the  action  of  posterior  lobe  extract  the 
kidneys  had  the  power  of  effecting  a  considerable  concentration  of  the 
urine.  Other  kidney  functional  tests  gave  a  normal  response.  Accord- 
ingly, no  indication  was  obtained  that  the  condition  was  in  any  way 
associated  with  a  pathologic  alteration  in  the  kidney. 
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It  has  been  suggested  by  some  obsen^ers  of  the  condition  known  as 
"trench-foot,"  which  was  so  common  among  the  soldiers  in  the 
trenches  in  Belgium  and  France,  especially  during  the  first  winter  of 
the  war,  that  obstruction  of  the  venous  return  by  the  puttees  worn  by 
the  British  troops  was  an  important  contributory  factor. 

The  observations  which  form  the  subject  of  this  paper  are  con- 
cerned only  with  the  effect  of  relatively  short  applications  of  the 
puttees.  Having  been  made  in  a  laboratory  on  a  normal  man,  they  do 
not  reproduce  what  is  probably  an  important  condition  for  the  devel- 
opment of  trench-foot,  if  the  pressure  of  the  puttees  has  anything  to 
do  with  the  condition,  namely,  the  swelling  under  an  already  tight, 
wet,  and  dirty  bandage.  So  far  as  the  technic  of  the  observations  is 
concerned,  it  would  have  been  easy  enough  to  study  the  circulatory 
changes  at  first  hand  on  soldiers.  Not  having  been  able  to  do  this 
(and  of  course  in  such  matters  the  military  authorities  must  be  the 
final  judges  as  to  what  military  exigencies  will  allow),  the  writer  is, 
for  the  present  at  least,  obliged  to  content  himself  with  publishing  a 
few  specimen  results  on  a  normal  man,  which  he  had  hoped  to  com- 
pare with  data  obtained  by  clinical  studies  of  the  actual  condition  at 
different  stages.  Since,  however,  so  far  as  I  am  aware,  no  investiga- 
tion of  the  influence  of  such  bandages  applied  to  the  legs  on  the  flow 
of  blood  in  the  feet  has  been  published,  and  since  such  measurements 
have  an  interest  in  other  relations,  the  application  of  bandages  to 
limbs  being  so  common  in  surgery  and  in  certain  medical  procedures, 
it  seems  worth  while  to  record  the  result  of  this  preliminary  study. 

The  observations  were  made  on  M.  C.,  a  hfealthy  man,  aged  26 
years,  weight  165  pounds,  height  5  feet,  10  inches.  Numerous  measure- 
ments of  the  blood  flow  in  his  hands  and  feet  have  been  made  in  the 
past  few  years,  so  that  the  range  of  variation  of  the  flow  under  the 
conditions  of  the  observations  is  well  known.^    In  all  the  experiments 


*  From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western 
Reserve  University  School  of  Medicine,  Gleveland. 
1.  Stewart,  G.  N. :    Jour.  Exper.  Med.,  18,  354,  372. 


the  amount  of  water  in  the  calorimeters  was  2,550  c.c.  The  puttees 
were  always  applied  over  the  trousers,  which  were  tucked  in  in  the 
usual  way. 

October  22.  M.  C,  four  hours  after  breakfast,  put  his  feet  in  the  bath 
at  11:02  and  in  calorimeters  at  11:18  a.  m.  The  pulse  was  90.  At  11:40 
a  puttee  was  put  on  the  right  leg  with  the  ordinary  degree  of  firmness.     At 

TABLE  1 


Time 

Temperature  ol 
Calorimeters 

Boom 
Tempera- 
ture 

Time 

Temperature  ol 
Calorimeters 

Boom 
Tempera- 
ture 

Bight 

Left     . 

Right      1       Left 

11:17 

31.08 

31.22 

1 

i      12:05 

81.796 

31.59 

24.1 

11:20 

31.19 

31.24 

24.3 

12:07 

31.82 

81.63 

11:22 

31.24 

31.27 

24.3 

12:09 

31.85 

31.65 

24.1 

11:24 

31.28 

31.29 

24.3 

12:11 

31.88 

31.675 

11:26 

31.32 

31.30 

12:13 

8191 

31.69 

24.1 

11:28 

31.36 

31.34 

24.4 

12:15 

81.96 

31.74 

11:30 

31.395    . 

31.36 

12:17 

82.00 

81.775 

24.1 

11:32 

81.41 

31.37 

24.2 

12:19 

32.06               81.8S 

11:36 

31.44 

31.39 

24.2 

12:21 

82.10               31.86 

24.0 

11:38 

31.47 

31.40 

24.3 

12:23 

82.14                81.90 

11:40 

31.495 

81.43 

12:25 

S2.19 

31.94 

24.1 

11:43 

81.52 

31.44 

24.2 

12:27 

32.23 

31.97 

11:46 

81.53 

31.45 

12:29 

32.295              32.04 

24.1 

11:47 

81.55 

31.455 

24.2 

12:31 

32.84               82.06 

11:49 

31.58 

31.46 

24.2 

12:33 

32.89        1        82.125 

24.1 

11:51 

31.60 

31.465 

1       12:36 

32.43 

82.16 

11:63 

31.62 

31.47 

24.2 

12:38 

32.47 

82.18 

24.1 

11:55 

81.63 

81.475 

12:40 

82.49 

82.195 

li:57 

31.66 

81.485 

24.2 

12:42 

32.50 

32.22 

24.1 

11:59 

81.68 

31.50 

'       12:44 

32.52 

32.24 

12:01 

31.72 

31.54 

24.2 

12:46 

32.44 

32.19 

12:08« 

81.76 

31.57 

1:01 

82.12 

31.87 

Bight  loot  leels  more  comfortable  than  left,  and  a  little  warmer. 


12:23  the  puttee  was  rapidly  tr     n  off.    At  12:44  the  feet  were  removed  from 
the  calorimeters. 

The  cooling  of  the  calorimeters  in  fifteen  minutes  was  0.32  C.  The  volume 
of  the  right  foot  was  1,171  c.c,  of  the  left  1428  c.c.  The  water  equivalent 
of  the  calorimeters  with  their  contents  was,  right  3,616  c.c,  left  3,584  c.c.  The 
rectal  temperature  was  36.89  C. 

In  Table  1  is  given  an  experiment  in  which  a  puttee  was  applied 
only  to  the  right  leg.    Since  the  pressure  is  not  the  only  effect  which 


the  bandage  can  exert  on  the  blood  flow,  but  the  warmth  may  also  be 
important,  in  other  experiments  puttees  were  applied  to  both  legs,  but 
with  different  degrees  of  tightness. 

In  this  experiment  the  flow  in  the  feet  was  less  than  in  the  others 
cited,  possibly  because  the  subject  had  been  going  about  for  some  time 
with  bare  feet  and  legs,  completing  the  preparations  for  the  observa- 
tions ;  probably  also  in  part  because  the  experiment  was  made  several 
hours  after  a  meal.  The  taking  of  food,  since  it  increases  metabolism, 
must  also  increase  the  heat  loss,  and  therefore  the  vasodilatation  of 
the  skin.     The  initial  vasoconstriction  due  to  exposure  of  the  feet 


TABLE 

2 

Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Time 

Temperature  of 
Calorimeters 

Bight      1        Left 

1 

Boom 
-   Tempera- 
ture 

Bight 

Left 

2:37 

30.89 

30.95 

3:10 

32.95                32.875 

2:40 

30.99 

31.03 

24.0 

3:12 

33.01                32.95 

24.0 

2:42 

31.20 

31.20     . 

24.1 

3:14 

33.09 

33.03 

24.1 

2:44 

31.40 

31.39 

24.2 

3:16 

33.18 

33.13 

2:46 

31.57 

31.55 

2i3^    1 

3:18 

33.26 

33.19 

24.1 

2:48 

31.73 

31.71 

24.3 

3:20 

33.36 

33.30 

2:50 

31.89 

31.88 

3:22 

33.45 

33  J7 

24.1 

2:52 

32.02 

32.99 

! 

3:24 

33.53 

33.46 

2:56 

32.24 

32.18 

24.1 

3:26 

33.61 

33.55 

24.1 

2:58 

32.33 

82.28 

24a 

i: 

3:28 

33.70 

33.65 

3:00 

S2.45 

32.38 

11 

3:30 

33.7S                33.72 

24.15 

3:02 

32.58 

32.51 

24.0 

3:32 

33.86 

33.785 

3:04 

32.72 

32.66 

3:34 

83.81 

33.74 

3:06 

32.80 

82.74 

24.0 

3:46 

33.50 

33.43 

3:08 

32.88 

32.80 

24.0 

tended  to  pass  off  as  the  experiment  proceeded,  the  rate  of  flow 
increasing  in  the  successive  periods.  But  there  was  no  indication 
that  the  puttee  on  the  right  leg  in  any  way  interfered  with  the  flow 
in  the  right  foot.  The  ratio  of  th"e  minute  flow  in  the  left  foot  to  that 
in  the  right  was  almost  precisely  the  s^me  in  the  eighteen  minutes 
before  the  application  of  the  puttee  as  "  the  forty  minutes  during 
which  it  remained  on.  The  data  are  dis;^ayed  in  succinct  form  in 
Table  5. 

In  the  experiment  shown  in  Table  2  a  puttee  was  applied  firmly  to 
the  right  leg.  The  degree  of  pressure  of  the  puttee  was  about  what 
the  soldier  commonly  employs.  On  the  left  leg  a  similar  puttee  was 
applied  quite  loosely,  so  that  the  heat-conserving  effect  would  be  the 


same  as  on  the  right  leg,  while  the  pressure  was  negligible.  For  the 
ten  minutes  before  the  application  of  the  puttees  the  flow  per  minute 
per  100  ex.  of  part  was  7.18  gm.  for  the  right  and  72  gm.  for  the 
left  foot,  practical  equality.  For  twenty  minutes  with  the  puttees 
on,  the  flow  was  6.43  gm.  and  6.58  gm.  per  minute  per  100  c.c.  For 
fourteen  minutes  after  removal  of  the  puttees  the  flow  was  8.09  gm. 
and  8.13  gm.  per  100  c.c.  per  minute  for  the  right  and  left  foot 
respectively. 

TABLE  3 


Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Time 

Temperature  of 
Calorimeters 

Boom 
Tempera- 
ture 

Bight 

Left 

Bight 

Left 

2:36 

30.87 

30.88 

j 

3:17 

33.83 

33.22 

24.2 

2:38 

30.93 

30.97 

24.1 

8:19 

83.40 

33.27 

2:40 

31.09 

31.09 

24.1 

3:21 

33.47 

83.34 

24.2 

2:42 

31.28 

31.27 

3:23 

83.52 

83.42 

2:44 

31.42 

81.43 

24.1 

3:25 

83.595 

33.47 

24.£« 

,  2:46 

31.58 

31.55 

3:27 

38.65 

33.54 

24.25 

2:48 

31.70 

31.68 

24.0 

3:29 

83.72 

33.59 

2:50 

31.85 

31.82 

i 

3:31 

33.78 

33.66 

24.2 

2:52 

31.99 

31.92 

24.1 

3:33 

33.83 

33.72 

2:54 

32.12 

32.055 

3:36 

33.90 

33.79 

24.2 

2:56 

32.25 

32.16 

24.1 

3:37 

83.97 

33.86 

3:00 

32.41 

32.34 

24.3 

3:39 

34.02 

83.916 

24.2 

3:02 

32.53 

82.45 

24.25 

3:41 

34.07 

33.96 

3:05 

32.70 

32.60 

24.3 

3:43 

34.13 

34.02 

24.2 

3:07 

32.805 

32.69- 

3:45 

84.19 

34.07 

3:09 

32.90 

32.80 

24.25 

3:47 

84.26 

34.14 

24.2 

3:11 

33.00 

32.91 

3:49 

34.30 

84.18 

3:13 

33.11 

33.03 

24.2 

3:51 

34.26 

84.12 

3:15 

33.2^ 

?8.13 

4:05 

33.90 

33.76 

*  Left  leg  felt  cool  after  the  puttee  was  taken  off  it;  the  right  leg  felt  warm. 

October  26.  M.  C,  had  lunch  one  hour  before,  and  had  walked  outside  for 
some  time.  The  pulse  was  94.  The  feet  were  put  in  the  bath  at  2:22,  and 
in  calorimeters  at  2 :  39  p.  m.  At  2 :  52  a  ptittee  was  put  firmly  on  the  right  leg 
and  one  slackly  on  the  left  leg.  At  3 :  16  the  puttees  were  taken  off  quickly.  At 
3:32  the  feet  were  taken  out  of  the  calorimeters. 

The  cooling  of  the  calorimeters  in  twelve  minutes  was  0.31  C.  The  volume 
of  the  right  foot  was  1,180  c.c,  of  the  left  1,128  c.c.  The  water  equivalent  of  the 
calorimeters  with  their  contents  was,  right  3,623  c.c,  left  3,385  c.c.  The  rectal 
temperature  was  37.05  C. 

If  the  twenty  minute  period  is  analyzed,  it  is  seen  that  for  the  first 
half  of  it  the  flow  was  6.84  gm.  and  6.97  gm.   for  the   two   feet. 


respectively;  and  for  the  second  half  6.13  gm.  and  6.3  gm.  The 
diminution  in  the  right  foot  is  not  due  to  pressure  of  the  bandage, 
since  it  is  the  same  as  the  diminution  in  the  left.  Removal  of  the 
puttees  was  followed  by  some  increase  in  flow  in  both  feet,  but  without 
disturbance  of  the  relation  of  equality  in  the  two  feet  present  from 
the  beginning  of  the  experiment.  The  increased  flow  cannot  be  inter- 
preted as  due  to  the  vasomotor  paralysis  following  the  removal  of  a 
tight  bandage  described  by  Bier.  For  the  puttee  on  the  right  leg  was 
not  so  tight  as  to  occasion  the  slightest  discomfort,  and  the  increased 
flow  was  present  in  the  left  foot  as  well  as  in  the  right. 


TABLE  4 


Time 

Temperature  ct 
Calorimeters 

Boom 
Tempera- 
ture 

Time 

Temperature  of 
Calorimeters   • 

Bight              Left 

Boom 
Tempera- 
ture 

Eight      1       Left 

U:26 

30.92 

30.78 

12:05 

32.45                31.99 

24.15 

U:29 

31.00 

30.86 

25.2 

12:07* 

32.56               32.08 

24.2 

U:31 

31.07 

30.92 

25.2 

12:09 

32.61                32.14 

24J8 

U:33 

31.17 

S0.9B 

25^ 

12:U 

32.68               32.18 

U:35 

31.27 

51.07 

25.1 

12:13 

32.73                32.23 

21.2 

U:87 

31.37 

31.16 

24.7 

12:15 

32.80               S2ja 

24.25 

U:39 

31.49 

n.26 

24.4 

12:17 

32.88                32.34 

U:« 

31.56 

31.34 

12:19 

32.96                32.40 

24.2 

U:45 

31.71 

31.43 

24.5 

12:21 

33.00               S2.4K 

11:47 

31.76 

31.45 

24.4 

12:23 

33.07                32.51 

24.2 

11:40 

31.81 

31.48 

24.3 

12:25 

33.09                32.55 

11:51 

31.805 

31.55 

12:27 

33.13                32.59 

24.1 

U:53 

31.96 

31.59 

24.1 

12:29 

33.17                32.64 

24.1 

11:55 

32.04 

31.05 

24.0 

12:31 

33.19               32.66 

11:57 

32.16 

31.755 

24.0 

12:33 

33.20               32.68 

24.0 

11:59 

32.22 

31.81 

24.0 

12:35 

33.20               32.68 

12:01 

32.28 

31.85 

24.05 

12:37 

33.12                32.615 

12:03 

32.37 

S1.91 

24.1 

12:49 

32.81                 32.31 

•  The  right  leg  was  comfortable,  the  left  somewhat  tired  and  uncomfortable. 

In  the  experiment  shown  in  Table  3  the  procedure  was  the  same  as 
in  the  last  experiment,  except  that  the  puttee  on  the  left  leg  (put  on 
quite  slack)  was  removed  some  time  before  the  other,  in  order  to 
see  whether  the  increased  loss  of  heat  from  the  left  leg  caused  any 
effect  on  the  flow  in  the  right  foot.  There  was,  as  a  matter  of  fact, 
a  slight  diminution  in  the  flow  in  the  left  foot,  which  might  be  attrib- 
uted to  vasoconstriction  due  to  increased  cooling.  If  this  was  the  cause. 
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the  action  extended  reflexly  to  the  right  limb,  the  puttee  on  which  had 
not  been  disturbed,  as  the  ratio  of  the  flows  in  the  two  feet  remained 
unchanged.  There  was  no  indication  that  the  pressure  of  the  puttee 
on  the  right  leg  diminished  the  flow  in  the  right  foot. 

October  29.     M.  C,  one  hour  after  lunch,  put  his  feet  in  the  bath  at  2:20, 
in  the  calorimeters  at  2:37  p.  m.     The  pulse  was  88.     At  2:56  a  puttee  was 

TABLE  5 


Date 


10/22 


10/26 


10/29 


11/2 


Pulse 
Bate 


Temperature  (C.)  of 


Boom 


Arterial 
Blood 


11/80 


90 


94 


80 


100 


24.3 
24.1 
24.1 

24.2 
24.05 
24.05 
24.1 

24.1 
24.25 
24.2 
24.2 

24.8 
24.3 
24.1 
24.2 
24.1 

20.5 
20.6 
20.9 
21.1 
21.2 
21.0 


36.29 


36.45 


36.36 


36.34 


36.41 


Calorimeters 


Right 


31.37 
31.83 


31.61 
32.52 
32.99 
33.56 

31.92 
32.87 
33.56 
34.04 

31.38 
31.88 
32.36 
32.90 
33.14 

31.19 
31.49 
32.19 
32.60 
33.13 
33.53 


Left 


31.35 
31.67 
32.09 

31.60 
32.46 
32.94 
33.49 

31.86 
32.78 
33.43 
33.92 

31.16 
31.54 
31.92 
32.37 
32.60 

31.05 
31.23 
31.74 
32.10 

32.57 
32.92 


Volume  of 
Foot 
In  C.c. 


Bight 


1,171 


1,180 


Left 


1,128 


1,190 


1,171 


1,171 


1,128 


1,133 


1,142 


1,142 


Heat  Given  OS 
in  Gm.— 
Calories 


Bight 


2,115 
5,170 
2,680 

8,696 
2,865 
2,253 
3,478 

3,158 
4,720 
2,051 
8,557 

2,138 
2,007 
8,743 
2,156 
1,610 

6,18% 

8,073 

2,759 

1,797 

8,952 

1,121 


Left       No.  Min. 


1,792 
4,551 
2,530 

8.549 

2325 

2,248 

.  3,423 

2,918 

4,520 

/ 

2,027 
3,516 

1,905 
1,600 
3,290 
1,923 
1,726 

4,602 
2,394 
2,459 
1,675 
3,703 
1,064 


10 
17 
10 

18 

8 
10 
16 
10 

12  ,: 

20  I 

10* 

6 
18 

8 


put  firmly  on  the  right  leg  and  one  slackly  on  the  left  leg.  At  3:  17  the  puttee 
was  rapidly  taken  off  the  left  leg;  at  3:29  off  the  right  leg.  The  feet  were 
taken  out  of  the  calorimeters  at  3 :49. 

The  cooling  of  the  calorimeters  in  fourteen  minutes  was  0.36  C.  The  volume 
of  the  right  foot  was  1,190  c.c,  of  the  left  1,133  c.c.  The  water  equivalent  of 
the  calorimeters  with  their  contents  was,  right  3,630  c,  left  3,588  c.c.  The  rectal 
temperature  was  36.96  C. 


Indeed,  with  both  puttees  on,  the  flow  was  slightly  and  equally 
increased  in  both  feet,  probably  on  account  of  the  heating  effect. 

In  the  next  experiment  to  be  quoted  (Table  4)  the  puttee  was 
purposely  put  on  the  left  leg  so  tightly  as  to  produce  a  certain  amount 
of  discomfort,  while  it  was  applied  to  the  right  leg  with  the  ordinary, 
comfortable  degree  of  pressure.     The  subject  was  hungry  (four  and 

TABLE  S— (Continued) 


Blood  Plow 
in  Gm. 
perMln. 

Flow  per  100  C.c. 
of  Foot 
per    Min. 

Batio  of 

Flow 
in  2  Feet 

R«^mark8 

Bigbt 

Left 

Bigbt 

Left 

i6£3 

22.39 

2.26 

1.98 

1:1.14 

Before  puttee  was  put  on 

82.20 

27.37 

2.75 

2.42 

1:1.14 

Puttee  on  right  leg 

88.88 

35.23 

8.40 

3.12 

1:1.09 

Puttee  off 

UM 

81.31 

7.18 

7.20 

1:1.00 

Before  puttees  put  on;  after  eating 

B0.72 

78.67 

6.84 

6.97 

1:1.02 

Put.  Bf  firm,  L.  slack  (first  10  minntes) 

72.35 

71.16 

6.13 

6.30 

1:1.03 

Put.  B.  firm,  L.  slack  (next  10  minutes) 

95.51 

91.78 

8.09 

8.13 

1:1.00 

Puttees  off 

79.08 

71.92 

6.64 

6.34 

1:1.05 

Before  puttees  put  on;  after  eating 

88.39 

82.52 

7.42 

7.28 

l:l.02 

Put.  B.  firm,  L.  slack 

81.39 

76.87 

6.83 

6.78 

1:1.01 

Puttee  off  L.  leg 

94.64 

88.94 

7.95 

7.85 

1:1.01 

Puttees  off  both  legs 

».73 

51.08 

fi.lO 

4.47 

1:1.14 

Before  puttees;  after  eating 

50.00 

37.03 

4.27 

8.24 

1:1.31 

Put.  B.  firm,  L.  too  tight  (first  10  minutes) 

«6.S1 

51.69 

5.57 

4.52 

1:1.23 

Put.  B.  firm,  L.  too  tight  (next  16  minutes) 

49.60 

53.82 

5.94 

4.71 

1:1.26 

First  10  minutes  after  puttees  removed 

.46.58 

42.70 

3.97 

8.73 

1:106 

Next  12  minutes  after  puttees  removed 

85.80 

47.69 

5.62 

4.17 

1:1.34 

Before  pnttees  pat  on 

W.39 

51.35 

5.92 

4.49 

1:1.31 

Last  10  minutes  before  puttees 

72.64 

58.51 

6.20 

5.12 

1:1.21 

First  10  minutes  with  puttees 

87.34 

71.97 

7.46 

6.30 

1:1.18 

Next    6  minutes  with  puttees 

174^7 

59.52 

6.35 

5.21 

1:1.21 

After  tightening  tapes  on  B.  leg 

154.00 

42.34 

4.61 

8.70 

1:1.24 

After  puttees  off 

one-half  hours  after  breakfast)  and  the  flow  in  the  feet  was  less  than 
in  the  experiments  shown  in  Tables  2  and  3.  The  flow  in  the  two 
feet  was  5.10  gm.  and  4.47  gm.,  respectively,  per  100  c.c.  per  minute 
for  an  eight  minute  period  before  the  application  of  the  bandages 
(ratio  of  left  to  right  1  to  1.14).  For  a  period  of  twenty-six  minutes 
with  the  puttees  on  the  flow  was  5.13  gm.  and  4.04  gm.,  respectively 
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(ratio  1  to  1.27).  The  cutting  down  of  the  flow  by  the  improperly 
applied  puttee  on  the  left  leg  is  evident,  although  the  bandage  was 
not  put  on  so  tight  as  to  cause  an  extreme  degree  of  discomfort. 

November  2.  'M.  C,  four  hours  after  breakfast,  put  his  feet  in  the  bath  at 
11:07,  in  the  calorimeters  at  11 :  27:  30  a.  m.  At  11:41  putees  were  put  firmly 
on  both  legs,  but  the  left  was  much  tighter  and  less  comfortable  than  the 
right.  At  12:11  the  puttees  were  rapidly  taken  off.  The  feet  were  taken  out 
of  the  calorimeters  at  12 :3S. 

The  cooling  of  the  calorimeters  in  twelve  minutes  was,  right  0.31  C,  left 
0.305  C.  The  volume  of  the  right  foot  was  1,171  c.c,  of  the  left  1,142  c.c. 
The  water  equivalent  of  the  calorimeters  with  their  contents  was,  right  3,616  c.c, 
left  3,595  c.c.    The  pulse  was  80.    Rectal  temperature  was  36.96  C. 

If  the  period  is  analyzed,  the  deficit  in  the  left  foot  is  seen  to  be 
greatest  in  the  first  ten  minutes  (flow  in  right  foot  4.27  gm.  per  100 
c.c.  per  minute,  in  left  3.24  gm.,  giving  a  ratio  of  1  to  1.31).  The 
flow  in  the  right  foot  is  also  diminished  somewhat.  In  the  remaining 
sixteen  minutes  of  the  period  of  application  of  the  puttees  the  flow 
increases  in  both  feet,  but  relatively  more  in  the  left,  as  the  venous 
pressure  rises  and  forces  the  block  (5.57  gm.  for  right  and  4.52  gm. 
for  left  foot,  ratio  1  to  1.23).  Even  with  the  tight  bandage  on  the 
left  leg,  the  initial  flow  in  the  left  foot  is  soon  reestablished.  This, 
however,  is  in  a  healthy  man,  whose  cutaneous  flow  is  uniformly  good. 
It  seems  clear  enough  that  in  men  who  habitually  sufifer  from  cold 
feet,  and  whose  foot  flow  is  therefore  normally  small,  the  injudicious 
application  of  a  puttee  might  easily  cause  a  harmful  reduction  in  the 
flow  which  would  render  the  foot  more  readily  susceptible  to  the 
effects  of  cold  and  wet,  of  slight  injuries  and  oi  the  passive  con- 
gestion associated  with  standing  for  long  periods  in  one  position.  On 
the  other  hand,  so  far  as  can  be  judged  from  experiments  of  such 
relatively  short  duration,  a  properly  adjusted  puttee  not  only  causes, 
under  normal  conditions,  no  permanent  diminution  in  the  foot  flow, 
but  may  even  somewhat  increase  the  flow,  probably  largely  because  of 
its  heat  conserving  property.  i 

In  another  experiment  (that  of  November  30)  different  methods 
of  fastening  the  puttees  were  investigated.  That  on  the  right  leg  was 
tied  by  tapes  an  inch  wide,  that  on  the  left  leg  was  fastened  smoothly 
by  a  safety  pin.  The  tapes  caused  a  somewhat  tighter  feeling,  accord- 
ing to  the  subject,  than  the  pin,  but  both  legs  felt  comfortable.  After 
the  first  sixteen  minutes  the  tapes  were  made  considerably  tighter  on 
the  right  leg,  but  not  uncomfortably  so.  As  will  be  seen  in  Table  5,  the 
tightening  of  the  tapes  did  not  produce  any  diminution  in  the  flow  in 
the  right  foot  as  compared  with  that  in  the  left,  although  the  flow  in 
both  was  now  diminishing,  and  diminished  stiH  more  after  removal  of 
the  puttees.  This  last  decrease  in  the  flow,  seen  also  in  the  experiment 
of  November  2,  may  be  due  to  a  vasoconstriction  associated  with 
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cooling  of  the  limbs  after  removal  of  the  bandages.  However,  a  ter- 
minal vasoconstriction  due  to  the  exposure  is  not  uncommonly  seen 
in  long  experiments  on  the  foot  flow  when  no  bandages  have  been 
applied. 

SUMMARY 

It  is  shown  that  a  puttee  applied  with  the  usual  degree  of  pressure 
on  the  leg  causes  no  diminution  in  the  blood  flow  through  the  foot. 
When  it  is  put  on  so  tight  that  some  discomfort  is  produced  the  flow 
in  the  foot  is  at  first  reduced. 
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The  observations  of  a  number  of  investigators  have  indicated 
that  during  electrical  stimulation  of  the  splanchnic  nerves,  epi- 
nephrin  passes  into  the  circulation  by  the  adrenal  veins.  These 
observ-ations  may  be  divided  into  two  groups:  (1)  Those  in  which 
blood  has  been  collected  from  the  adrenal  veins  of  one  animal, 
and  tested  for  epinephrin  by  its  action  on  the  blood  pressure 
when  injected  into  the  veins  of  another  animal  (Drej'-er  (1), 
Tscheboksaroff  (2),  or  by  its  action  on  such  isolated  tissues  as 
intestine  or  uterus  segments  (Stewart  (3)  ).  (2)  Observations 
in  which  the  liberation  of  epinephrin  has  been  deduced  from 
changes  in  the  blood  pressure  or  other  reactions  in  one  and  the 
same  animal.  Thus  Joseph  and  Meltzer  (4 ) ,  found  that  when  one 
superior  cervical  gangUon  was  removed  from  rabbits,  and  several 
days  later  the  peripheral  end  of  the  splanchnic  nerv^e  stimulated 
electrically,  there  resulted  in  the  great  majority  of  cases  a  vari- 
able but  unmistakable  dilatation  of  the  pupil  on  the  ganglion- 
free  side,  while  the  pupil  on  the  normal  side  remained  practically 
unchanged.  They  interpreted  this  as  due  to  the  secretion  of  the 
adrenals  being  thrown  into  the  circulation  in  sufficient  amount 
to  produce  a  dilatation  of  the  pupil  on  the  ganglion-free  side, 
since  it  is  well  known  that  the  pupil  on  that  side  is  much  more 
sensitive  than  normal,  to  the  action  of  adrenalin.  (Meltzer 
and  Auer  (5)  ).     While  by  the  first  group  of  methods,  results 
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have  been  obtained  going  to  show  that  epinephrin  is  hberated 
during  stimulation  of  the  splanchnics,  and  permitting  even 
approximate  assay  of  the  quantity  so  hberated,  methods  in- 
cluded in  the  second  group  present  certain  advantages  for  the 
.detailed  study  of  the  secretion,  and  especially  for  the  study  of  its 
time  relations.  The  epinephrin  hberated  passas  directly  into  the 
circulation  of  the  animal  whose  reactions  are  to  be  tested,  under, 
we  must  suppose,  entirely  physiological  conditions,  without  loss 
and  without  alteration  in  its  chemical  or  physical-chemical  state. 
The  test  is  made  at  once,  and  can  be  repeated,  and  the  conditions 
under  which  it  is  made  can  be  varied  at  will.  On  the  other 
hand,  the  very  circumstance  that  the  splanchnic  nerves  are  stimu- 
lated in  the  same  animal  in  which  the  reaction  presumed  to  be  due 
to  the  liberated  epinephrin  is  observed  renders  it  necessary  to 
exclude  the  possibility  that  the  reaction  is  a  nervous  one  due 
directly  to  stimulation  of  the  splanchnics.  Asher  (6)  endeavored 
to  do  this  in  the  case  of  the  rise  in  blood  pressure  following 
splanchnic  stimulation  by  excising  the  abdominal  viscera,  ex- 
cept the  adrenals,  and  then  stimulating  the  splanchnics,  with 
the  adrenal  veins  alternately  clamped  and  open.  When  they 
were  clamped,  he  saw  no  rise  of  blood  pressure  on  excitation  of  the 
nerves.  Elliott  (7),  working  with  cats,  has  shown  that  dilata- 
tion of  the  pupil  and  retraction  of  the  nictitating  membrane  on 
stimulation  of  the  splanchnic  succeeds  when  the  adrenals  are 
present,  but  not  when  they  have  been  excised.  He  states,  how-] 
ever,  that  even  after  removal  of  the  adrenals,  stimulation  of  the 
splanchnics  causes  the  pupil  to  dilate  slightly,  and  the  nictitat- 
ing to  be  withdrawn  slowly  and  with  more  delay.  He  suggests 
that  this  may  be  due  to  "adrenahn  liberated  from  other  para- 
ganglia or  from  the  actual  processes  of  nervous  excitation,  or  it 
may  be  from  other  metabohtes." 

The  "paradoxical"  pupil  reaction  is  obtainable  with  very  small 
quantities  of  adrenalin.  It  involves  a  definite  and  limited 
region,  the  circulation  time  from  the  adrenals  to  which  can  be 
easily  estimated,  while  the  arterioles  concerned  in  the  rise  of  blood 
pressure  produced  by  the  epinephrin  liberated  in  response  to 
splanchnic  stimulation,  cannot  be  so  definitely  located.     For 
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these  reasons  we  selected  the  eye  reactions  as  the  criterion  of  the 
liberation  of  epinephrin. 

Ttchnique.  Cats  and  dogs  were  employed.  The  superior  cervical 
ganglion  was  excised  on  one  side  under  ether  a,nesthesia  from  4,  5  or  6 
days  to  as  much  as  2  weeks  before  the  experiment  on  the  splanchnics 
was  done.  The  pupil  reaction  is  well  obtained  in  dogs  which  are  of 
course  especially  suitable  for  observations  in  which  blood  is  to  be  col- 
lected from  the  adrenals  for  further  tests,  or  in  which  larger  amounts 
of  adrenal  substance  than  can  be  obtained  from  cats  are  wanted  for  de- 
termining the  epinephrin  content  of  the  glands.  For  the  anaesthesia  in 
the  actual  experiments,  urethane  was  used  (about  0.75  gram  per  kilo- 
gram fcor  cats,  and  1.5  gram  per  kilogram  for  dogs)  with  ether  when 
needed.  In  most  of  the  experiments  the  thorax  was  opened,  and  one 
or  both  of  the  sympathetic  trunks  ligated  and  cut  not  far  above  the 
diaphragm.  In  a  few  experiments  one  or  both  splanchnics  were  exposed 
for  stimulation  in  the  abdomen.  For  massage  of  the  glands,  the 
abdomen  is  of  course  always  opened. 

The  reactions  studied  were  dilatation  of  the  pupil  and  retraction  of 
the  nictitating  membrane.  Since,  for  our  purpose,  it  was  generally  es- 
sential to  determine  with  as  great  exactness  as  possible  the  time  at 
which  an  eye-reaction  began,  the  widening  of  the  aperture  was  not 
studied  in  the  great  majority  of  the  observations  (although  its  occur- 
rence was  verified).  The  eyelids  were  purposely  held  apart  in  order 
that  the  commencement  of  a  further  dilatation  of  the  pupil  might  be 
seen  when  it  was  already  dilated  to  a  certain  extent.  Unde^  the  con- 
ditions of  our  experiments,  the  dilatation  of  the  pupil  elicited  by  splanch- 
nic stimulation  began  somewhat  sooner  than  retraction  of  the  nictitat- 
ing. The  interval  between  the  commencement  of  the  two  reactions 
varied  from  1  to  2  seconds,  being  influenced  to  some  extent  by  the  dose 
of  epinephrin,  and  therefore  varying  somewhat  in  one  and  the  same  ani- 
mal with  the  strength  and  duration  of  the  stimulus. 

We  began  by  showing  that  when  the  blood  from  the  adrenals 
is  prevented  from  reaching  the  eyeball,  stimulation  of  the  periph- 
eral end  of  the  splanchnic  nerves  does  not  cause  the  reaction. 
Excision  of  the  adrenals  is  of  course  not  a  suitable  method  of 
excluding  them,  since  it  only  permits  one  observation.  All 
that  is  necessary  is  to  clip  the  vein  from  the  adrenal  whose 
splanchnic  is  being  stimulated,  or  if  both  are  being  stimulated, 
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to  clamp  the  inferior  vena  cava.  In  a  few  observations  both 
cava  and  aorta  were  clamped.  Another  simple  method  is  to 
stop  the  heart  by  stimulating  the  vagus.  The  eye  reaction  is 
never  obtained  under  these  conditions,  that  is  to  say  the  pupil 
of  the  denervated  eye  does  not  dilate  in  the  absence  of  dilatation 
of  the  pupil  of  the  normal  eye,  nor  is  the  nictitating  membrane 
retracted. 

EXPERIMENTS  IN  WHICH  THE  VENOUS  PATH  FROM  THE  ADRENALS 

WAS   OCCLUDED 

A  certain  amount  of  dilatation  may  take  place  simultaneously 
in  both  pupils  during  occlusion  of  the  inferior  vena  cava,  but 
this  is  clearly  associated  with  the  accompanying  asphyxia,  and 
is  easily  distinguished  from  the  genuine  reaction  which  involves 
only  the  denervated  eye.  When  the  clamp  is  removed  from  the 
adrenal  vein  or  the  cava,  the  reaction  is  obtained  in  the  dener- 
vated eye  and  after  precisely  the  same  time  interval,  allowing 
for  the  slight  variations  in  successive  observations,  as  is  seen 
when  the  splanchnics  are  stimulated  without  occlusion  of  the 
vessels.  It  is  impossible  to  interpret  this  result  in  any  other 
way  than  that  the  epinephrin  given  off  in  response  to  the  splanch- 
nic stimulation  is  lying  in  the  adrenal  capillaries  or  veins  ready 
to  move  out  into  the  circulation  at  the  moment  of  removal  of  the 
clamp. 

Thus  in  an  experiment  on  a  cat,  the  condensed  protocol  of  which  is 
given  in  table  6  stimulation  of  the  right  splanchnic  in  the  thorax  was 
followed  by  dilatation  of  the  left  (denervated)  pupil  in  9  seconds,  and 
withdrawal  of  the  nictitating  membrane,  The  inferior  cava  was  then 
clamped  above  the  diaphragm  and  kept  clamped  while  the  splanchnic 
was  again  stimulated.  No  change  occurred  in  the  left  eye  till  9  sec- 
onds after  removal  of  the  clamp,  when  dilatation  of  the  pupil  began, 
followed  by  retraction  of  the  nictitating.  The  cava  wao  again  clamped 
and  the  splanchnic  stimulated.  Dilatation  of  the  pupil  occurred  10 
seconds  after  removal  of  the  clamp.  Another  stimulation  of  the 
splanchnic  (with  the  cava  free)  gave  dilatation  of  the  pupil  in  8 
seconds  from  the  beginning  of  stimulation.  As  the  cava  had  been 
twice  clamped  for  30  seconds  within  an  interval  of  4  minutes,  it  is  pos- 


LIBERATION  OF  EPINEPHRIN  FROM  ADRENAL  GLANDS        209 

sible  that  interference  with  the  circulation  in  the  iris,  owing  to  the  fall 
of  blood  pressure,  might  have  caused  the  slight  lengthening  in  the  time 
interval  (from  9  to  10  seconds)  of  the  reaction  obtained  after  removal 
of  the  clamp.  In  any  case,  absolute  imiformity  in  the  signalling  of  the 
moment  at  which  such  a  reaction  is  observed  to  begin  cannot  be  ex- 
pected, and  the  closeness  of  the  agreement  of  successive  readings  is 
really  remarkable.  Later  on  in  this  experiment,  although  numerous 
injections  of  methylene  blue  and  of  adrenalin  solution  had  been  made 
in  the  interval,  the  reaction  caused  by  stimulation  of  the  splanchnic 
was  still  obtained  10  seconds  after  removing  the  clamp  from  the  cava. 
At  the  very  end  of  the  experiment,  however,  when  the  animal  was  ob- 
viously in  bad  condition,  the  pupil  reaction  did  not  occur  till  19  sec- 
onds from  the  beginning  of  stimulation  of  the  splanchnic  (with  vena 
cava  free).  In  another  experiment  on  a  cat,  from  which  the  left 
superior  cervical  ganglion  had  been  removed  6  days  previously,  the 
time  interval  between  the  beginning  of  stimulation  of  the  splanchnic 
(in  the  thorax)  and  the  beginning  of  dilatation  of  the  pupil  (followed 
by  retraction  of  the  nictitating)  was  9  seconds.  Seven  successive  ob- 
servations gave  10,  8,  9,  9,  9,  9,  9.2  seconds.  The  cava  was  clamped, 
the  splanchnic  stimulated  and  the  clamp  removed  after  stimulation 
had  been  stopped.  The  eye-reaction  appeared  in  9  seconds  after  re- 
moval of  the  clamp.  Later  on  in  the  experiment,  the  time  interval 
between  beginning  of  stimulation  of  the  splanchnic  and  beginning  of 
the  eye-reaction  was  as  usual  notably  increased  (to  12,  15,  15,  19.1, 
20,  and  13.1  seconds  in  different  observations).  In  the  meantime,  re- 
peated injections  of  methylene  blue  and  adrenahn  solution  had  been 
made.  Atropin  solution  had  also  been  instilled  into  the  right  (normal) 
eye  to  enable  the  circulation  time  to  the  retina  to  be  determined. 

In  an  experiment  on  a  cat  (whose  left  superior  cervical  ganglion 
had  been  excised  7  days  previously)  towards  the  end  of  the  experiment 
the  time  interval  of  the  reaction  as  elicited  by  stimulation  of  the 
splanchnic  (in  the  thorax)  had  much  increased  (from  9.3  seconds  at  the 
beginning  of  the  experiment  to  15.8  seconds).  The  right  splanchnic 
was  stimulated  for  a  minute  during  occlusion  of  the  inferior  cava. 
There  were  deep  asphyxial  respirations  during  which  both  pupils  di- 
lated, but  contracted  again  before  removal  of  the  clamp.  On  removing 
the  clamp  after  an  occlusion  lasting  63  seconds,  the  left  pupil  dilated  in 
15.2  seconds.  Stimulation  of  the  right  splanchnic  with  the  cava  free 
was  followed  by  dilatation  of  the  left  pupil  in  15.8  seconds.  Move- 
ment of  the  nictitating  membrane  was  not  signalled  till  19.2  seconds. 
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It  is  particularly  important  to  note  that  when  such  an  increase 
in  the  time  interval  of  the  eye  reaction  elicited  by  stimulation  of 
the  splanchnic  with  the  vessels  open  has  occurred,  the'  same  in- 
crease is  found  when  the  reaction  is  evoked  by  releasing  the  cava 
when  the  splanchnic  has  been  excited  during  its  occlusion.  The 
same  factors  must  therefore  be  responsible  in  both  cases  for  the 
greater  interval  after  which  the  reaction  is  obtained.  Of  these 
factors  slowing  of  the  circulation  can  sometimes  be  shown  to  be 
one.  Now  slowing  of  the  circulation  could  only  affect  the  time- 
interval  to  exactly  the  same  extent  in  the  two  cases  if  the  reac- 
tion were  caused  by  a  substance  moving  with  the  blood.  Other 
factors  in  the  increased  time-interval  may  be  increasing  sluggish- 
ness of  response  of  the  mechanisms  of  the  eye  and,  as  will  be  shown 
later  on,  diminished  liberation  of  epinephrin  by  stimulation  of  the 
splanchnics. 

EXPERIMENTS  IN  WHICH  THE  ARTERIAL  FLOW  TO  THE  ADRENALS 
WAS   INTERFERED   WITH 

Some  experiments  were  made  with  the  view  of  determining 
whether  the  reaction  could  be  obtained  when  the  splanchnics  were 
stimulated  with  the  aorta  clamped  just  above  the  diaphragm. 
Here,  the  circulation  through  the  eyeball  is  of  course  not  inter- 
fered with,  and  if  epinephrin  in  sufficient  quantity  is  liberated 
into  the  capillaries  of  the  adrenals,  and  a  sufficient  movement  of 
blood  in  the  veins  is  still  present  to  enable  it  to  arrive  at  the 
heart,  there  is  no  reason  why  the  usual  response  should  not  be 
elicited,  even  while  the  aorta  remains  occluded.  When  stimula- 
tion of  the  splanchnic  was  begun  simultaneously  with  the 
application  of  the  clamp  an  eye  response  was  always  observed, 
provided  that  the  splanchnic  stimulation  was  yielding  such  a 
response  with  the  circulation  free.  Accordingly,  a  brief  interfer- 
ence with  the  arterial  flow  through  the  glands  does  not  abolish 
the  secretion.  In  different  experiments,  however,  there  was  a 
certain  variabiUty  in  the  time  at  which  the  eye  reactions  ap- 
peared. Usually  a  response  was  obtained  while  the  aorta  still 
remained  obstructed,  and  a  second  response  after  the  clamp 
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was  removed.  The  time  interval  between  the  beginning  of  stimu- 
lation and  the  first  response,  or  between  the  removal  of  the  clamp 
and  the  second  response,  is  of  the  same  order  of  magnitude  as  the 
time  interval  of  the  reaction  with  the  vessels  free.  In  other  ex- 
periments no  eye  reaction  was  seen  while  the  clamp  remained  on 
the  aorta,  but  a  response  occurred  (with  the  usual,  or  a  some- 
what longer  time  interval)  after  removal  of  the  clamp. 

Thus,  in  an  experiment  on  a  cat,  whose  left  superior  cervical  gang- 
lion had  been  removed  1  week  previously,  stimulation  of  the  right 
splanchnic  in  the  thorax  was  followed  by  dilatation  of  the  pupil  (and 
withdrawal  of  the  nictitating  membrane)  of  the  left  eye  in  11.2  seconds. 
Five  minutes  later  the  aorta  was  clamped  and  the  splanchnic  stimu- 
lated for  the  same  length  of  time,  and  with  the  same  distance  between 
the  coils  as  in  the  previous  observation.  There  was  no  effect  on  the  eye 
for  the  25  seconds  during  which  the  clamp  was  kept  on,  but  14  seconds 
after  its  removal  the  pupil  dilated,  and  a  little  later  the  nictitating 
membrane  moved  back. 

In  an  experiment  on  a  dog,  whose  left  superior  cervical  ganglion  had 
been  removed  6  days  previously,  the  left  splanchnic  (in  the  thorax)  was 
stimulated  until  the  pupil  of  the  left  (denervated)  eye  began  to  dilate 
in  10.2  seconds  from  the  beginning  of  stimulation.  Two  minutes  later 
the  left  splanchnic  was  again  stimulated,  and  dilatation  of  the  pupil 
was  obtained  in  10.4  seconds.  The  aorta  was  then  clamped  and  the 
splanchnic  stimulated  for  15  seconds  with  the  same  distance  between 
the  coils.  Dilatation  of  the  pupil  occurred  at  14.2  seconds  from  the 
beginning  of  stimulation,  while  the  clamp  was  still  on.  The  clamp  was 
removed  after  an  occlusion  of  25  seconds,  but  no  further  change  was 
observed  in  the  eye.  In  another  observation  in  the  same  animal,  a 
few  minutes  later,  the  aorta  was  clamped  and  the  splanchnic  stimulated 
for  15  seconds.  Dilatation  of  the  pupil  took  place  14.6  seconds  from 
the  beginning  of  stimulation,  while  the  clamp  was  still  on.  On  remov- 
ing the  clamp,  a  second  dilatation  occurred  in  9.8  seconds.  The  first 
dilatation  was  slight  and  remained  so  till  the  second  carried  the  response 
on  to  moderate  dilatation. 

In  an  experiment^  on  a  cat,  to  which  morphin  had  been  administered, 
and  whose  pupils  remained  dilated,  stimulation  of  both  splanchnics  (in 
the  thorax)  for  2  seconds  caused  retraction  of  the  nictitating  membrane 

'  The  condensed  protocol  is  given  in  table  8. 
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and  widening  of  the  aperture  of  the  denervated  eye  in  13  seconds.  Two 
minutes  later  the  observation  was  repeated,  with  the  aorta  clamped, 
and  the  eye-reactions  appeared  in  14.8  seconds,  while  the  clamp  was 
still  on.  After  an  interval  of  2  minutes,  stimulation  of  the  splanchnics 
was  again  made  for  5  seconds,  and  the  eye  response  was  elicited  in  11,2 
seconds,  with  the  aorta  open.  The  observation  was  repeated,  the 
splanchnics  being  stimulated  for  the  same  length  of  time,  with  the  aorta 
clamped,  and  the  response  occurred  in  11.8  seconds,  the  clamp  being 
still  on  the  aorta.  An  observation  was  then  made  in  which  the  aorta 
was  clamped  for  5  seconds  before  stimulation  of  the  nerves  was  begun. 
It  remained  clamped  until  the  eye  response  was  obtained  11.8  seconds 
from  the  beginning  of  stimulation.  On  releasing  the  aorta,  further  re- 
traction of  the  nictitating  membrane  occurred  in  15.4  seconds  from  the 
moment  of  removal  of  the  clamp.  Forty-eight  minutes  later,  stimulation 
of  the  splanchnics  for  10  seconds  caused  a  slow  retraction  of  the  nicti- 
tating in  15  seconds,  with  the  aorta  free,  and  in  15.4  seconds  with  the 
aorta  clamped. 

The  explanation  of  the  variability  in  the  results  of  stimulation 
of  the  splanchnics  with  the  aorta  clamped  is,  we  suggest,  as  fol- 
lows: When  the  arterial  flow  is  stopped  for  such  periods  as  we 
have  employed,  epinephrin  is  still  liberated  into  the  blood  vessels 
of  the  adrenals  in  response  to  stimulation  of  the  nerves.  Blood, 
doubtless  containing  some  of  the  epinephrin,  since  the  latent 
period  of  the  secretion  is  quite  short,  continues  to  move  out  of  the 
adrenal  veins  and  along  the  cava  after  the  clamping  of  the 
aorta,  -so  long  as  the  pressure  remains  higher  in  the  arteries  periph- 
eral to  the  clamp  than  in  the  veins.  As  soon  as  this  blood  has 
reached  the  heart,  there  is,  of  course,  no  reason  why  it  should  not 
be  carried  as  rapidly  as  before  to  the  eyeball,  and  no  reason  why 
it  should  not  produce  there  the  characteristic  reactions,  pro- 
vided that  the  quantity  of  epinephrin  in  it  is  sufficient.  When 
the  clamp  is  removed  from  the  aorta,  a  residue  of  blood  con- 
taining the  balance  of  the  liberated  epinephrin  is  still  lying  in 
the  adrenal  vessels,  and  begins  in  its  turn  to  move  towards  the 
heart.  It  is  clear  that  it  will  depend  upon  the  amount  of  epi- 
nephrin in  these  two  fractions  whether  a  detectable  reaction  shall 
be  produced  in  the  eye  while  the  clamp  is  still  on  the  aorta,  or 
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only  after  its  removal,  or  both  after  and  before  removal  of  the 
clamp. 

The  fact  that  as  a  rule  the  time  interval  of  the  reaction  is  some- 
what longer  when  stimulation  of  the  nerves  is  made  with  the  aorta 
clamped  than  when  it  is  made  with  the  vessels  free  in  all  prob- 
abihty  depends  in  part  on  this  division  of  the  epinephrin  charge 
hberated  by  a  given  stimulation  into  two  parts.  For  it  can  be 
shown  that  doses  of  adrenalin  which  cause,  on  injection,  into  a 
vein,  only  a  minimum  eye  response,  ehcit  this  response  after  a 
somewhat  greater  interval  of  time  than  larger  doses.  Further, 
the  passage  of  blood  from  the  adrenals  to  the  heart  in  the  first 
few  seconds  after  clamping  the  aorta  must  be  slower  than  with 
the  vessels  free,  although  observations  on  the  injection  under 
minimum  pressure  of  very  small  volumes  of  adrenalin  solution 
into  the  central  end  of  the  femoral  vein,  with  the  aorta  clamped, 
indicate  that  this  slowing  is  not  important  in  comparison  with 
the  total  time  interval  of  the  rea^'tion.  Some  retardation  of  the 
response  after  unclamping  the  aorta  might  be  expected  to  be 
caused  by  the  fact  that  the  depleted  vessels  have  first  to  be 
filled  up  by  the  arterial  blood. 

The  maximum  efifect  on  the  eye  and  the  duration  of  the  effect 
were  in  general  less  where  the  splanchnics  were  stimulated  w^th  the 
aorta  clamped,  than  in  control  observations  with  the  vessels  free. 
The  division  of  the  hberated  epinephrin  into  two  fractions,  as  sug- 
gested, is  a  sufficient  explanation,  even  if  the  total  amount  hberated 
during  a  brief  interference  with  the  arterial  circulation  remains 
undiminished.  It  is  further  in  accordance  with  this  explanation, 
that  the  time  interval  of  the  eye  response  when  the  splanchnics 
are  stimulated  w^th  the  inferior  vena  cava  clamped,  and  the 
clamp  then  removed,  agrees  rather  with  the  time  inter\'al  of  the 
response  elicited  with  the  vessels  free  than  with  the  aorta  clamped. 
This  is  also  true  of  the  maximum  response  reached  for  a  given 
stimulation.  ^Miere  the  vena  cava  is  clamped  the  epinephrin  hb- 
erated by  the  stimulation  of  the  nerves  accumulates,  of  course, 
behind  the  clamp,  and  passes  on  as  a  single  charge  after  removal 
of  the  clamp. 
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A  period  of  5  to  10  seconds  of  anemia  (caused  by  clamping  the 
aorta)  preceding  stimulation  of  the  splanchnics,  had  no  notice- 
able effect  in  diminishing  the  reaction.  When  the  preliminary- 
period  of  anemia  was  increased  to  20  seconds,  in  the  same  ani- 
mal (see  table  8),  stimulation  of  the  nerves  was  without  result 
in  one  observation,  but  in  another  observation  an  eye  response 
was  obtained  when  the  splanchnics  were  excited  after  a  prelimi- 
nary anemia  of  20  seconds.  We  have  not  hitherto  made  any  ex- 
periments with  the  view  of  determining  the  precise  period  of 
anemia  which  will  prevent  a  reaction.  It  is  to  be  expected,  of 
course,  that  it  will  vary  to  some  extent  in  different  animals,  and 
at  different  times  in  an  experiment  on  the  same  animal. 

That  epinephrin  is  actually  carried  in  the  blood  of  the  inferior 
cava  to  the  heart,  while  the  aorta  remains  occluded,  can  be  shown 
by  injecting  adrenalin  solution  into  the  central  end  of  the  fe- 
moral vein  under  the  minimum  pressure  necessary  to  permit  it  to 
enter  the  vein,  and  in  such  small  volume  that  it  cannot  possibly 
be  mechanically  forced  along  to  the  heart  during  the  injection. 
The  eye  reactions  are  obtained  after  a  time  interval  of  the  same 
order  of  magnitude,  whether  given  quantities  of  adrenalin  solu- 
tion are  injected  with  the  aorta  free  or  clamped.  The  interval 
may,  indeed,  be  shorter  with  the  aorta  clamped.  This  is  pre- 
cisely the  case  when  a  given  dose  of  adrenalin  is  injected  in  the 
form  of  a  smaller  volume  of  stronger  solution  than  in  the  form 
of  a  larger  volume  of  weaker  solution,  as  is  well  illustrated  in  the 
first  part  of  the  protocol  reproduced  in  table  8. 

Thus,  0.02  mg.  adrenalin  injected  (between  3.15  and  3.42  p.m.),  in 
the  form  of  2  cc.  of  a  1:  100,000  solution,  caused  an  eye-reaction  at  very 
much  the  same  time  interval  as  0.02  mg.  injected  in  the  form  of  0.5  cc. 
of  1:  25,000  adrenalin,  with  the  aorta  free  (average  time  for  the  weaker 
solution  9.2  seconds;  for  the  stronger  8.4  seconds).  With  the  aorta 
clamped,  the  same  quantity  of  the  weaker  solution  gave  a  time  of  10.8 
seconds,  and  the  stronger  an  average  time  of  7.8  seconds.  WTiile  there 
are,  of  course,  variable  factors  in  such  observations,  which  cannot  all 
be  controlled,  the  difference  is  suggestive.  Later  on  in  the  experiment, 
when  the  time  interval  of  the  reaction  elicited  by  stimulation  of  the 
splanchnic  (with  cava  clamped)  had  considerably  increased  (to  16.6 
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seconds  at  6.00  p.m.),  the  difference  was  even  more  striking.  0.1  cc. 
of  a  1 :  25,000  solution  of  adrenalin  injected  with  the  aorta  free,  gave  the 
response  after  an  interval  of  16.6  seconds  (at  6.01  p.m.),  the  retraction 
of  the  nictitating  membrane  being  very  slow,  but  steadily  progressing. 
Later  on  0.2  cc.  of  the  same  solution  gave  a  good  response  after  an  in- 
terval of  16.8  seconds  (at  6.36  p.m.),  while  0.2  cc.  of  the  solution,  in- 
jected with  the  aorta  clamped,  gave  an  interval  of  11.6  seconds,  and 
0.1  cc.  an  interval  of  9.8  seconds.  The  injection  of  0.04  cc.  of  1 :  25,000 
adrenalin  (with,  the  vessels  open),  was  followed  by  very  slow  retraction 
of  the  nictitating  in  17  seconds. 

These  results  are  puzzling  at  first  sight,  but  in  all  probability 
they  depend  upon  two  factors.  First,  the  clamping  of  the  aorta 
incre«ases  the  blood  pressure,  and  diminishes  the  circulation 
time  in  the  head  end  of  the  animal.  This  will  be  especially  in- 
fluential in  diminishing  the  interval  at  which  the  eye  response  to 
adrenalin  injection  occurs  w^hen  the  circulation  has  already  de- 
teriorated, as  towards  the  end  of  a  long  experiment.  Among 
other  things,  the  action  of  the  heart  w411  be  improved  by  the 
better  filling  of  the  coronary  vessels,  and  the  latency  of  the 
structures  in  the  eye-ball  may  also  be  diminished  by  the  improved 
circulation.  Provided,  then,  that  the  adrenalin  reaches  the 
heart  without  undue  delay,  we  should  expect  the  response  to 
occur  sooner  with  the  aorta  clamped.  But  why  should  injec- 
tion of  a  larger  volume  of  weaker  solution  (with  aorta  clamped) 
not  evoke  the  response  in  the  same  time,  as  the  injection  of  a 
correspondingly  smaller  volume  of  the  stronger  solution?  If  the 
volume  of  the  weaker  solution  were  so  great  that  practically  the 
w^hole  of  it  passed  directly  under  the  injection  pressure  into  the 
heart,  there  could,  of  course,  be  no  such  delaj'^  as  was  observed. 
But  the  residual  movement  in  the  inferior  cava  after  the  aorta 
has  been  clamped  may  not  be  adequate  to  rapidly  transport  such 
a  volume  as  2  cc,  w^hile  the  whole  or  the  greater  part  of  such  a 
volume  of  adrenalin  solution  as  0.1  to  0.5  cc.  may  be  quickly 
transported  to  the  heart.  The  eye  reaction  eUcited  when  the 
greater  volume  was  injected  would  be  a  reaction  corresponding 
to  a  smaller  concentration  and  to  a  smaller  total  qauntity,  than 
when  a  smaller  volume  of  the  stronger  solution  was  injected. 
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EXPERIMENTS    IN   WHICH    THE    SPLANCHNICS    WERE    STIMULATED, 

WHILE  THE   CIRCULATION  WAS  STOPPED   OR  SLOWED   BY 

INHIBITION   OF   THE   HEART 

Further  evidence  that  the  eye  reaction  is  entirely  due  to  a 
substance  (epinephrin)  moving  in  the  blood  from  the  adrenals  is 
obtained  by  stopping  the  circulation  by  stimulation  of  the  vagus. 

In  an  experiment  on  a  dog,  the  eye  reaction  was  got  in  10.2  seconds 
from  the  beginning  of  stimulation  of  the  left  splanchnic  in  the  thorax. 
In  another  observation  immediately  thereafter,  the  time  was  10.4  sec- 
onds. The  peripheral  end  of  the  left  vagus  was  now  stimulated  so  as 
to  cause  complete  disappearance  of  the  pulse  in  the  aorta.  Three  sec- 
onds later  the  left  splanchnic  was  stimulated.  Excitation  of  the  vagus 
was  continued  for  15  seconds.  The  (denervated)  eye  reaction  did  not 
appear  till  20  seconds  from  the  beginning  of  stimulation  of  the  splanch- 
nic, or  8  seconds  after  stoppage  of  the  vagus  stimulation.  Four  minutes 
later  the  splanchnic  was  again  stimulated,  simultaneously  with  the 
vagus,  the  stimulation  of  the  latter  continuing  for  35  seconds.  No  eye- 
reaction  appeared  during  all  this  time.  Three  minutes  thereafter 
stimulation  of  the  splanchnic  alone  gave  an  eye  reaction  in  8.2  seconds. 
The  vagus  was  again  stimulated  for  33  seconds  so  as  to  stop  the  pulse  in 
the  aorta.  The  splanchnic  was  stimulated  for  15  seconds  with,  a 
stronger  current  than  in  the  previous  observations.  Eye  reactions 
were  obtained  42  seconds  after  the  beginning  of  the  stimulation  of  the 
.  splanchnic,  or  11  seconds  after  cessation  of  vagus  stimulation.  Stimu- 
lation of  the  splanchnic  alone  now  gave  an  eye  reaction  in  8.4  seconds. 

Fully  as  convincing  as  the  experiments  in  which  complete 
stoppage  of  the  circulation  was  produced,  are  those  in  which  it 
was  simply  slowed  by  the  vagus  or  by  hemorrhage. 

In  an  experiment  on  a  cat  (whose  left  superior  cervical  ganglion 
had  been  removed  a  week  before),  stimulation  of  the  right  splanchnic 
in  the  thorax  was  followed  by  the  eye  reaction  in  10  seconds  from  the 
beginning  of  stimulation.  Stimulation  of  the  peripheral  end  of  the 
right  vagus  and  of  the  splanchnic  was  then  made  simultaneously.  The 
heart  was  slowed  but  not  stopped.  The  eye-reaction  appeared  in  15.2 
seconds.  The  splanchnic  was  again  stimulated  alone,  and  the  eye- 
reaction  occurred  in  10.2  seconds.  Another  observation  was  there- 
after made  with  simultaneous  stimulation  of  the  vagus  and  splanchnic. 
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The  eye  reactions  (pupil  dilatation  and  retraction  of  nictitating)  ap- 
peared in  15.2  seconds.  WTien  the  splanchnic  only  was  now  stimu- 
lated, the  reaction  occurred  in  11.2  seconds.  Another  vagus  and 
splanchnic  observation  in  which  stimulation  of  the  vagus  was  begun  in 
advance  of  the  splanchnic  stimulation,  so  as  to  be  sure  that  the  slow- 
ing of  the  circulation  embraced  the  whole  time  of  passage  of  the  epi- 
nephrin  to  the  eyeball,  gave  the  eye  reactions  after  an  interval  of  15 
seconds  from  the  beginning  of  excitation  of  the  splanchnic. 

Later  on  in  the  same  experiment  the  eye  reaction  was  obtained  15.8 
seconds  after  the  commencement  of  stimulation  of  the  splanchnic. 
Hemorrhage  was  now  produced  from  the  femoral  a^ery,  and  the 
splanchnic  stimulated  immediately  thereafter.  The  eye  reaction  did 
not  occur  till  21.6  seconds  from  the  beginning  of  stimulation. 

COMPARISON  OF  EYE  REACTION  ELICITED  BY  INJECTION  OF  ADRE- 
NALIN    AND     BY     STIMULATION     OF     THE     SPLANCHNICS. 
LATENT   PERIOD   OF   EPINEPHRIN   SECRETION 

Another  method  of  showing  ihat  the  eye  reactions  studied  are 
caused  by  epinephrin  liberated  from  the  adrenals,  is  to  inject  a 
small  amount  of  adrenalin  into  the  left  renal  vein,  or,  what 
comes  almost  to  the  same  thing  for  this  purpose,  into  the  central 
end  of  a  femoral  vein;  and  to  determine  the  time  from  the  begin- 
ning of  injection  to  the  beginning  of  the  eye  reaction.  The  fe- 
moral vein  has  the  advantage  over  the  renal  that  its  use  does  not 
entail  opening  of  the  abdomen,  or  manipulation  in  the  neighbor- 
hood of  the  adrenals.  The  circulation  time  from  the  mouth 
of  the  femoral  vein,  up  to  which  the  column  of  adrenalin  solution 
extends  before  injection,  will  of  course  be  somewhat  greater 
than  that  from  the  adrenal  veins.  But  for  our  purpose  the  dif- 
ference is  not  important,  as  shown  by  circulation  time  meas- 
urements. 

In  an  expermient,  on  a  cat,  the  following  results  were  obtained: 
Stimulation  of  the  left  splanchnic  in  the  thorax  gave  in  three  successive 
observations,  9.4,  11.2  and  10.8  seconds  as  the  time  interval  of  the  eye 
reaction.  Stimulation  of  the  right  splanchnic  gave  11.8  seconds,  of 
both  splanchnics  together  in  two  observations,  10.6  and  10  seconds,  re- 
spectively. Injection  of  1  cc.  of  1 :  25,000  adrenalin  solution  in  Ringer's, 
into  the  central  end  of  the  femoral  vein  was  followed  by  dilatation  of  the 
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pupil  in  10.6  seconds.  The  same  amount  of  adrenalin  was  now  in- 
jected while  the  vena  cava  was  clamped.  The  pupil  was  unaffected 
till  11.2  seconds  after  removal  of  the  clamp,  when  it  dilated.  Both 
splanchnics  were  now  stimulated,  and  the  eye  reaction  was  obtained  in 
11.4  seconds.  Injection  of  0.5  cc.  of  1:25,000  adrenalin  into  the  fe- 
moral vein  was  followed  by  dilatation  of  the  pupil  in  11.2  seconds. 

The  q-uantities  of  adrenalin  injected  in  this  experiment  were 
such  as  caused  about  the  same  reaction  in  the  eye  as  the  stimu- 
lation employed  for  the  splanchnics.  It  is  clear  enough  that 
with  such  quantities,  the  interval  between  the  beginning  of  in- 
jection and  the  beginning  of  the  eye  reaction  is  approximately 
the  same  whether  the  reaction  is  elicited  by  adrenalin  artificially 
introduced,  or  by  epinephrin  liberated  from  the  glands.  This 
indicates  that  the  epinephrin  liberated  by  splanchnic  stimu- 
lation passes  so  rapidly  into  the  veins  that  the  latent  period 
does  not  constitute  a  fraction  of  the  total  time  interval  to  the  com- 
mencement of  the  eye  reaction  long  enough  to  be  appreciated  in 
such  measurements.  So  far  as  these  observations  go,  the  indi- 
cation is  also  that  the  material  as  liberated  from  the  adrenals 
is,  as  regards  the  production  of  the  reaction  studied,  the  same  as 
adrenalin. 

On  the  other  hand,  if  the  quantity  of  adrenalin  injected  is  much 
greater  than  is  required  to  produce  an  effect  upon  the  eye  equal 
to  that  caused  by  splanchnic  stimulation,  the  time  interval  be- 
tween the  beginning  of  the  injection  and  the  beginning  of  the  eye 
reaction  is  reduced  decidedly  below  that  between  the  beginning 
of  stimulation  of  the  splanchnic  and  the  commencement  of  the 
eye  reaction,  although  it  always  remains,  of  course,  greater  than 
the  circulation  time  to  the  carotid. 

This  is  illustrated  in  the  following  experiment  on  a  cat:  2  cc.  of 
adrenalin  (1:  50,000)  in  methylene  blue  solution,  was  injected  into  the 
femoral  vein.  The  methylene  blue  first  reached  the  carotid  in  3  sec- 
onds, and  the  pupil  began  to  dilate  in  5.2  seconds.  In  another  obser- 
vation, 5  minutes  later,  the  numbers  came  out  3.2  seconds  for  the  cir- 
culation time  to  the  carotid,  and  5.6  seconds  for  the  pupil  reaction 
Before  the  first  adrenalin  injection,  the  time  interval  for  the  pupil 
reaction    elicited   by   stimulation   of   the   splanchnic    was   9   seconds 
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in  one  observation,  and  8  seconds  in  another.  In  an  observation 
made  5  minutes  after  the  second  injection  of  adrenalin,  the  time  in- 
terval of  the  eye  response  following  splanchnic  stimulation,  was  8.5 
seconds.  The  reduction  of  the  interval,  in  the  case  of  the  adrenalin 
injection,  could  not  be  due  to  a  change  in  the  circulation  time.  It 
must  be  attributed  to  a  reduction  in  the  latent  time  of  the  eye  mechan- 
isms. It  is  probable  that  the  time  required  for  the  blood  to  pass 
from  the  carotid  through  the  capillaries  of  the  iris  to  the  veins,  would 
be  not  much  less  than  2  seconds.  Accordingly  in  this  strength  (and 
with  an  iris  as  sensitive  as  in  this  animal  in  the  earlier  part  of  the  ex- 
periment) the  adrenahn  began  to  produce  its  effect,  upon  the  pupil 
very  soon  after  the  first  blood  containing  it  had  completely  traversed 
the  sensitive  structures.  Later  on  in  the  same  experiment,  the  time 
interval  both  for  splanchnic  stimulation  and  for  injection  of  adrenalin 
increased,  while  the  circulation  time  to  the  carotid  remained  the  same 
(3  seconds).  This  also  can  only  be  due  to  increasing  sluggishness  of 
the  iris,  with  perhaps  some  increasing  vasoconstriction  in  peripheral 
vessels  including  those  of  the  eyeball. 

Of  course,  by  forcibly  injecting  the  adrenalin  solution  under 
considerable  pressure,  it  is  possible  to  produce  a  definite  diminu- 
tion in  the  time  interval  of  the  eye  response,  since  under  these 
conditions,  the  passage  of  the  adrenalin  from  the  point  of  injec- 
tion to  the  heart  is  practically  instantaneous,  and  the  pressure 
in  the  right  heart  may  also  be  artifically  raised,  and  the  circula- 
tion time  through  the  lungs  correspondingly  shortened.  This 
is  well  illustrated  in  table  7,  in  the  observations  at  5.48  and  5.58 
p.m.,  and  in  those  between  7.12  and  7.18  p.m. 

In  another  experiment,  on  a  dog,  the  results  shown  in  table  1 
also  illustrate  the  fact  that  with  different  doses  of  adrenalin  dif- 
ferent time  intervals  may  be  obtained  for  the  (denervated) 
eye  reaction. 

In  this  dog  (weighing  5.5  kg.),  the  superior  cervical  ganglion 
had  been  removed  6  days  before  the  experiment.  The  ej-e-re- 
actions  were  elicited  with  great  ease  by  stimulation  of  the 
splanchnics  and  by  massage  of  the  glands;  and  also  by  very  small 
doses  of  adrenalin.  Exactly  the  opposite  w^as  the  case  wdth  the 
cat  some  results  from  which  are  given  in  table  2.  Here  the  eye 
reactions  were  obtained  with  much  greater  diflBculty  through 
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splanchnic  stimulation,  and  relatively  large  doses  of  adrenalin 
were  required  to  bring  them  out.  When  stimulation  of  the 
splanchnics  finally  became  ineffective,  massage  of  the  glands 
yielded  no  result,  or  only  a  doubtful  one.  The  epinephrin  con- 
tent of  the  glands,  removed  in  both  animals  after  a  long  experi- 
ment, was  in  this  dog  the  highest  which  we  have  hitherto  ob- 
served in  the  course  of  the  work,  while  in  the  cat  it  was  with  one 
exception  the  lowest.  The  cat  had  brought  forth  a  litter  of  kit- 
tens 13  days  before  the  experiment,  and  was  suckling  them,  and 
the  adrenals  were  enlarged.  It  is  not  known  whether  the  low 
epinephrin  content  was  correlated  with  the  parturition  and  lac- 
tation. The  left  adrenal  of  the  cat  weighed  0.317  gram,  and  con- 
tained 0.12  mg.  epinephrin.  The  right  adrenal  weighed  0.301 
gram,  and  also  contained  0.12  mg.  epinephrin. 


TABLE  1 


TIMK 

INJECTED  INTO  FEMOBAL   VEIN 

PUPIL  DILATATION 
BEGINS  IN 

2.15 

1.0  cc.  Adrenalin  (1 
0.5  cc.  Adrenalin  (1 
0.4  cc.  Adrenalin  (1 
2.0  cc.  Adrenalin  (1 
1.0  cc.  Adrenalin  (1 
0.5  cc.  Adrenalin  (1 

50,000) 

seeandt 
10.8 

2.17 

50,000) 

11.4  (less  dilatation) 
13.0  (small  effect) 
12.4 

2.22 

50,000) 

2.26 

250,000) 

2.28 

250,000) 

11.2 

2.30 

250,000) 

16.6 

It  must  be  stated  tha^  our  estimations  were  almost  invariably 
made  on  the  adrenals  of  animals  on  which  more  or  less  pro- 
longed experiments  had  been  carried  out.  High  epinephrin  con- 
tents were  therefore  not  to  be  expected. 

The  increasing  time  interval  of  the  response  with  stimulation 
of  the  splanchnics,  in  the  latter  part  of  this  experiment  (table  2), 
has  the  same  significance  as  increase  of  the  time  interval  with 
small  doses  of  adrenalin.  For  the  pupil  dilatation  obtained, 
from  successive  stimulations  of  the  nerves,  became  less  and  less, 
and,  as  already  stated,  when  the  maximum  dilatation  and  the 
duration  of  a  reiaction  are  small,  the  time  of  onset  of  the  reaction  is 
delayed.  Another  point  well  brought  out  in  this  experiment  was 
that  doses  of  adrenalin,  which,  at  one  stage  are  ineffective,  may 
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TABLE  2 


Condensed  Protocol  of  experiment  on  a  cat,  weighing  i  kg.,  whose  left  superior 
cervical  ganglion  had  been  removed  15  days  before  the  experiment 


12.18 
12.31 
12.36 
12.43 

12.45 


12.48 
12.50 
12.52 


12.58 

1.00 

1.03 
1.06 

1.08 

1.27 

1.29 
1.30 

1.39 
1.58 
2.00 


Stimulated  both  splanchnics  for  10  seconds. . . . 

3  cc.  Adrenalin  (1:25,000) 

1  cc.  Adrenalin  (1 :  25,000) 

1  cc.  Adrenalin  (1 :  100,000) 

3  cc.  Adrenalin  (1:  100,000) 

1  cc.  Adrenalin  (1 :  25,000) 

1  cc.  Adrenalin  (1:25,000) 

2  cc.  Adrenalin  (1:25,000) 

2  cc.  Adrenalin  (1:  25,000)  (with  cava  clamped) 

Cava  released 

Both  splanchnics  stimulated  10  seconds 

2cc.  Adrenalin  (1:25,000) 

2  cc.  Adrenalin  (1:  25,000)  (with  cava  clamped) 

Cava  released 

Both  splanchnics  stimulated  for  10  seconds 

2  cc.  Adrenalin  (1 :  40,000) 

1  cc.  Adrenalin  (1:40,000) 

1.4     cc.     Adrenalin     (1:40,000)     (with     cava 

clamped) 

Cava  released 

1  cc.  Adrenalin  (1:  40,000)  (with  cava  clamped). 
Cava  released 

2  cc.  Adrenalin  (1 :  40,000)  (with  aorta  clami>ed 
for  14  seconds  from  beginning  of  injection).. 

Both  splanchnics  stimulated 


PUPIL   DILATATION 
BEGIXS   IN 


scconda 


11.4 
0.8 

11.2 

17.8  Dilatation 
very   slight 

11.8    About     same 
dilatation  as 
withsplanch- 
•     nic  stimula- 
tion 

12.8 

12.2 

12.4  Better  dilata- 
tion than 
with  1  cc. 

No  dilatation 

13.0 

13.6  Dilatation 
small 

11.0 

No  dilatation 

12.0 

15.0  Slight  dilata- 
tion 

11.0  Dilatation 
prolonged 

13.8 

No  dilatation 

12.0 

No  dilatation 

13.2 

13.2 

No  dilatation 
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later  on  become  effective ;  and  still  later  may  again  cease  to  yield 
a  response. 

Thus;  between  11.58  and  12.06,  four  observations  (not  reproduced  in 
the  Table)  were  made,  in  which  were  injected  respectively  1  cc.  of  ad- 
renalin (1:  100,000),  2  cc.  of  adrenalin  (1:100,000),  2  cc.  of  adrenalin 
(1 :  50,000)  and  3  cc.  of  the  1:  50,000  solution  without  effect  on  the  eye. 
Between  1.16  and  1.19  p.m.,  three  injections,  two  respectively  of  2  cc, 
and  one  of  3  cc.  of  1 :  100,000  adrenalin  were  without  result.  As  shown 
in  table  2,  at  12.43  p.m.,  1  cc.  of  the  same  solution,  and  at  12.45  3  cc, 
gave  positive  results.  Naturally,  variations  in  the  anesthesia  may  play 
a  part,  in  this  variability  of  the  response,  and  the  point  is  men- 
tioned merely  to  illustrate  the  fact  that  numerous  controls  are  required 
in 'such  observations. 

It  has  been  already  stated  that  in  prolonged  experiments,  the 
increase  in  the  time  interval  between  the  beginning  of  stimula- 
tion of  the  splanchnics,  and  the  beginning  of  the  eye  reaction, 
which  is  observed  towards  the  end  of  the  experiment,  may  be 
shown  by  measurements  of  the  circulation  time  to  be  partly  due 
to  slowing  of  the  circulation.  Another  factor,  however,  is  in- 
volved, namely,  the  increase  in  the  latency  of  the  iris  response, 
after  the  epinephrin  has  reached  the  eye.  In  the  time  interval, 
three  factors  are  plainly  concerned :  first,  the  latent  period  of  the 
adrenal  gland,  that  is,  the  time  that  elapses  between  the  begin- 
ning of  an  effective  stimulation  and  the  appearance  of  epinephrin 
in  the  blood ;  (2)  the  circulation  time  from  the  adrenal  to  the  eye 
ball;  (3)  the  latent  period  of  the  structures  in  the  eye  ball  which 
yield  the  reaction.  The  observations  already  mentioned  show 
that  the  first  factor  constitutes  a  very  small  part  of  the  whole 
time  interval.  It  may  vary  with  the  strength  of  the  stimulus  to 
some  extent,  but  this  cannot  easily  be  determined,  because  the 
moment  at  which  the  eye  reaction  can  just  be  seen  to  begin  also 
depends  somewhat  on  the  amount  of  epinephrin  liberated.  In 
comparison  with  the  time  required  for  its  transportation  to  the 
eye>  and  with  the  lost  time  there  before  the  sensitive  structures 
respond,  the  latent  period  of  the  secretion  may  be  considered 
neghgibly  small. 
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MINIMUM   DURATION    OF   EFFECTIVE    STIMULATION    OF   THE 
SPLANCHNICS 

The  minimuin  time  of  stimulation  necessary  to  produce  the 
Uberation  of  an  amount  of  epinephrin  just  sufficient  to  cause  an 
appreciable  reaction,  is  also  very  short.  It  varies,  of  course, 
with  the  strength  of  stimulation.  With  a  stimulus  (faradic) 
strong  enough  to  be  sharply  felt  on  the  tongue,  one-half  of  a  sec- 
ond of  stimulation  sufficed  to  give  a  reaction.  With  increase  in 
the  time  of  stimulation,  the  maximum  amount  of  dilatation  of 
the  pupil  obtained  and  the  duration  of  the  dilatation  increased, 
and  retraction  of  the  nictitating  membrane,  which  was  not  got 
with  the  short  periods  of  stimulation,  was  seen.  The  maximum 
effect  in  both  reactions  was  reached  more  speedily  with  increas- 

TABLE  3 


TIME 

ODBATION  OF  8TIMCLUS 

BEGIXNING  OF  PUPIL 
DILATATION 

NICTITATING   RETRACTED 

teeonda 

i-econis 

10.44 

1 

8.0 

+ 

10.45 

h 

9.0  (slight) 

- 

10.47 

3 

9.0 

+ 

10.48 

5 

9.0 

+ 

10.50 

10 

9.0 

+ 

10.52 

15 

9.2 

+ 

ing  time  of  stimulation.  In  an  animal  in  which  a  reaction  is 
being  easily  ehcited  the  total  time  interval,  between  the  be- 
ginning of  stimulation  and  the  commencement  of  the  eye  reac- 
tion, may  be  approximately  the  same  for  the  longer  as  for  the 
shorter  periods  of  stimulation.  This  is  well  shown  in  tables  3 
and  4,  taken  from  experiments  on  two  cats.  Where  the  eye 
reaction  (or  the  adrenal  secretion)  is  becoming  exhausted  in  the 
course  of  a  long  experiment  the  minimum  time  of  stimulation 
needed  to  produce  an  effect  may  be  greater  than  earUer  in  the 
experiment.  When  this  is  the  case,  the  time  interval  to  the 
beginning  of  the  eye  reaction  may  be  diminished  as  the  duration 
of  the  stimulus  is  increased,  as  is  shown  in  table  5,  taken  from 
the  same  experiment  as  table  4. 
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COMPARISON  OF  CIRCULATION  TIME  FROM  ADRENALS  TO  EYEBALL, 
WITH  TIME  AT  WHICH  THE  EYE  REACTION  APPEARS 

The  circulation  time  from  the  level  of  the  adrenals  to  the  ca- 
rotid and  to  the  eyeball  was  determined  in  a  number  of  experi- 
ments by  the  methylene  blue  method  (8),  in  order  to  verify  the 
assumption  that  the  time  interval  of  the  eye  reaction  was  of  the 
order  of  magnitude  appropriate  to  a  reaction  elicited  by  a  sub- 
stance moving  from  the  adrenals  to  the  eye  with  the  average 
speed  of  the  blood.     In  every  case  the  time  required  for  blood  to 


TABLE  4 

TIME 

DUBATION   OF  STIMULUS 

BEGINNING   OF  PUPIL 
DILATATION 

NICTITATING   BETBACTED 

11.32 
11.35 
11.37 
11.38 

seconds 

5 

i 

1 

3 

seconds 

9.6 

9.6  (very  slight) 
10.2 
10.0 

+ 

in  11  seconds 

TABLE  5 


TIME 

DUBATION   OF  STIMULUS 

BEGINNING   OF  PUPIL 
DILATATION 

NICTITATING  BETBACTED 

seconds 

seconds 

12.35 

15 

13.4 

13.4 

12.38 

i 

No  dilatation 

- 

12.40 

1 

No  dilatation 

- 

12.42 

3 

No  dilatation 

— 

12.44 

5 

18.6  (very  slight) 

- 

12.46 

10 

15.0  (very  slight) 

— 

pass  to  the  eye  or  even  through  it,  was  found  to  be  less  than  the 
time  interval  at  which  the  reaction  occurred  when  eUcited  by 
stimulation  of  the  splanchnics.  A  margin  was  always  left  for  the 
time  necessary  for  the  reaction  to  be  developed  to  the  point  at 
which  it  could  be  detected  after  the  epinephrin  had  reached  the 
sensitive  structures. 

In  an  experiment,  on  a  cat,  1.5  cc.  of  a  solution  of  methylene  blue 
made  with  Ringer's  solution,  was  injected  into  the  left  renal  vein. 
The  right  splanchnic  in  the  thorax  was  stimulated  from  the  beginning 
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of  the  injection,  the  stimulation  being  continued  for  5  seconds.  The 
methylene  blue  was  first  observed  in  the  carotid  at  4.2  seconds,  and  the 
pupil  began  to  dilate  at  10.2  seconds  from  the  beginning  of  injection. 
1.0  cc.  of  1:  50,000  adrenalin  in  the  same  solution  of  methylene  blue 
was  then  injected  into  the  femoral  vein.  The  color  was  seen  in  the 
carotid  at  6  seconds,  and  dilation  of  the  pupil  occurred  at  10.2  seconds. 
An  injection  of  2  cc.  of  the  adrenalin-met hylene  blue  solution  was  then 
made,  and  the  color  was  observed  in  the  carotid  at  5.2  seconds,  the 
dilatation  of  the  pupil  beginning  at  9.2  seconds.  Later  on  in  the  ex- 
periment, when  the  animal  was  in  distinctly  worse  condition,  stimula- 
tion of  the  right  splanchnic  (for  15  seconds)  gave  dilatation  of  the 
pupil  and  retraction  of  the  nictitating  on  the  denervated  side  in  13.2 
seconds  from  the  beginning  of  stimulation.  Injection  was  then  made 
into  a  femoral  vein  of  2  cc.  of  1:  50,000  adrenalin  in  methjdene  blue 
solution.  Dilatation  of  the  pupil  occurred  in  12,2  seconds.  In  a  later 
observation  4  cc,  of  the  adrenalin  methylene  blue  solution  was  in- 
jected. The  blue  was  seen  with  the  ophthalmoscope  in  the  retinal 
vessels  of  the  normal  eye  at  11.4  seconds,  and  the  pupil  dilatation 
occurred  in  the  denervated  eye  at  14.4  seconds.  The  normal  eye  was 
dilated  with  atropia.  When  this  observation  was  repeated,  7  min- 
utes later,  the  color  was  detected  in  the  retina  in  10.6  seconds,  and 
dilatation  of  the  pupil  took  place  in  12.2  seconds. 

The  protocol  in  table  6  further  illustrates  experiments  in  which 
simultaneous  observations  of  the  eye  reaction  caused  by  adrenalin,  and 
the  circulation  time,  as  determined  by  the  methjdene  blue  method, 
were  made. 

The  circulation  time  from  the  left  renal  vein  or  the  femoral 
vein  to  the  carotid  artery  corresponds  to  a  little  less  than  the 
time  required  for  the  first  of  the  epinephrin  Uberated  from  the 
adrenal  to  reach  the  iris.  Probably  something  Uke  2  seconds 
must  be  added  for  the  circulation  time  through  the  iris  capil- 
laries. (It  was  found  by  one  of  us  (9)  that  the  time  from  the 
central  arterj^  to  the  central  vein  of  the  retina  in  chlorahzed  rab- 
bits was  from  1.7  to  1.9  seconds.)  Even  allowing  for  this,  it  is 
evident  that  it  takes  some  sensible  time  after  epinephrin  has 
traversed  the  sensitive  structures  in  the  eyeball  before  a  reaction 
is  seen,  at  least  under  the  conditions  of  our  experiments. 
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TABLE  6 

Condensed  protocol  of  experiment  on  a  cat.     Left  superior  cervical  ganglion  removed 
16  days  before  the  experiment 


SEEN  IN 

CAROTID 

AFTEB 


PUPIL  REACTION 


10.20 
11.00 
11.02 
11.04 


11.08 
11.10 
11.40 
11.42 

11.44 

11.46 
11.48 
11.59 

12.02 
12.07 
12.10 


12.15 


12.20 


12.25 

12.40 
12.42 
12.56 


seconds 


Urethane  1  gram 

Right  splanchnic  ligated  and  cut  in  thorax.  . 

Stimulated  splanchnic 

Inferior    vena    cava    clamped;    splanchnic 

stimulated  for  15  seconds.    No  effect  on  the 

pupils  while  the  cava  was  clamped;  after  30 

seconds  cava  undamped,   and  9  seconds 

later  pupil  dilated 

Repeated  observation  made  at  11 .04 

Stimulated  splanchnic 

Injected  2  cc.  methylene  blue  into  renal  vein. 
Injected  1.5  cc.  methylene  blue  into  renal 

vein 

Injected  1.5  cc.  methylene  blue  into  renal 

vein 

Injected  1.5  cc. 
Injected  1.5  cc. 
Injected  2    cc.    of    1:50,000    adrenalin    in 

methylen  blue 

Repeated  last  observation 

Stimulated  splanchnic 

Clamped  cava  for  32  seconds.     Stimulated 

splanchnic  15  seconds  from  the  time  of 

clamping 

Removed  clamp 

Clamped   cava.     Injected  2  cc.    adrenalin- 

methylen  blue  into  renal  vein 

Removed  clamp  after  24  seconds 

Repeated  last  observation.     Cava  clamped 

37  seconds 

Removed  clamp.     Methylene  blue  seen  in 

carotid  in : 

Injected    2    cc.     adrenalin-methylen     blue 

into  renal  vein 

Stimulated  splanchnic  for  15  seconds 

Stimulated  splanchnic  with  stronger  stimulus 
Massaged  left  adrenal 


4.0 

3.8 

3.0 
4.0 
3.2 

3.0 
3.2 


3.0 
3.3 


seconds 


9.0 


9.0 

10.0 

8.0 


5.2 
5.6 
8.5 


No  dilatation 
10.0 

No  dilatation 
7.0 

No  dilatation 

9.5 

8.2 

19.0 

No  effect 

No  eflbct 
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EXPERIMENTS   IN   WHICH   THE   ARTERL\L   FLOW   TO    THE    EYEBALL 
WAS   INTERFERED   WITH 

The  experiments  oh  occlusion  of  the  venous  path  from  the 
adrenals  were  supplemented  by  observations  in  which  the  arterial 
path  to  the  eyeball  was  interfered  with.  The  circulation  in  an 
eyeball  is  not  completely  stopped  when  the  corresponding  com- 
mon carotid  is  occluded.  If,  then,  the  response  to  stimulation 
of  the  peripheral  end  of  the  splanchnic  is  solely  due  to  a  substance 
carried  in  the  blood,  it  is  obvious  that  it  will  depend  upon  the 
amount  of  blood  reaching  the  eye  by  other  routes,  upon  the 
amount  of  epinephrin  liberated  by  a  given  stimulation  of  the 
splanchnics  and  upon  the  sensitiveness  of  the  reacting  structures 
to  epinephrin,  whether  the  reaction  yielded  by  splanchnic  stimu- 
lation shall  be  entirely  suppressed  or  merely  postponed,  and  per- 
haps weakened,  by  occlusion  of  one  or  of  both  carotids.  It 
ought,  indeed,  to  be  merely  a  matter  of  properly  choosing  the 
duration  and  strength  of  stimulation,  and  the  degree  of  inter- 
ference with  the  arterial  path  to  the  eye,  to  bring  about  complete 
suppression  of  the  eye  reaction  or  to  permit  it  to  be  elicited. 
Further,  the  details  of  the  eye  response  to  splanchnic  stimula- 
tion, when  the  flow  of  blood  to  the  eye  is  more  or  less  inter- 
rupted, should  be  capable  of  being  imitated  by  injecting  greater 
or  smaller  quantities  of  adrenalin  into  a  vein.  This  is  fully  as 
severe  a  test  as  the  occlusion  of  the  venous  path  from  the  adrenals. 
For  a  greater  variety  of  result  is  possible.  Yet  all  the  varia- 
tions must  agree  with  the  assumption  that  the  effective  factor, 
in  bringing  about  the  eye  response,  is  circulating  epinephrin. 
If,  for  instance,  it  were  found  that  mth  one  or  both  carotids 
clamped  the  eye  reaction  followed  sooner  on  stimulation  of  the 
splanchnic  than  with  the  vessels  free,  this  could  not  be  reconciled 
with  the  assmnption  aforesaid,  for  it  must  take  longer  for  the 
epinephrin  to  reach  the  eye  ball  by  less  direct  routes,  and  less  of 
it  will  arrive  at  the  sensitive  structures. 

As  vrill  be  seen  from  the  condensed  protocol  of  the  experiment 
reproduced  in  table  7,  the  results  of  clamping  the  ipsilateral  or 
the  contralateral  carotid,  or  of  both,  mth  varying  intensity  and 
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duration  of  stimulation  of  the  splanchnic,  are  invariably  what 
they  ought  to  be  if  the  eye  reaction  is  due  to  a  substance  carried 
in  the  blood.  .Also,  each  result  can  be  imitated  by  injecting  dif- 
ferent quantities  of  adrenalin  solution  into  the  femoral  vein 
with  one  or  both  carotids  clamped.  The  occlusion  of  the  carotid 
has  the  slight  disadvantage  from  the  point  of  view  of  technique, 
that  it  causes  some  dilatation  of  the  pupil  itself.  This,  however, 
when  the  splanchnic  stimulation  or  adrenalin  injection  is  made 
immediately  after  clamping,  is  not  a  serious  drawback,  and  the 
beginning  of  the  more  sudden  dilatation  of  the  pupil  due  to  epi- 
nephrin  is  easily  recognized  when  superposed  upon  the  slow 
dilatation  due  to  interference  with  the  circulation. 

It  will  be  seen  that  in  this  animal,  in  which  the  eye  response  was 
elicited  by  stimulation  of  the  splanchnic  with  great  ease,  it  was 
necessary  to  reduce  the  time  of  excitation  even  when  only  one 
splanchnic  was  stimulated  to  2  seconds,  and  to  reduce  the 
strength  of  the  stimulus  in  order  to  abolish  the  reaction  completely 
when  both  carotids  were  clamped.  On  releasing  the  carotids,  a 
response  was  not  in  general  obtained  comparable  to  the  response 
observed  when  the  vena  cava  is  released  after  a  period  of  stimu- 
lation. It  is  clear  that  this  ought  to  be  the  case,  because  the 
epinephrin  instead  of  being  dammed  back  behind  the  clamp,  as 
when  the  cava  is  occluded,  must  have  passed  for  the  most  part 
into  the  general  circulation  during  occlusion  of  the  carotid.  It 
is  of  course  possible  that  when  unusually  large  quantities  of 
epinephrin  are  liberated,  an  after  response  may  be  obtained 
on  releasing  the  carotids.  With  a  shorter  distance  between 
the  coils,  and  the  same  time  of  stimulation,  or  with  a  longer 
time  of  stimulation  and  the  same  distance  between  the  coils, 
so  much  more  epinephrin  was  liberated  from  the  adrenals  that 
enough  of  it  foimd  its  way  to  the  denervated  eye,  even  with 
both  carotids  clamped,  to  produce  after  a  much  lengthened  time 
interval  the  characteristic  reaction.  When  only  one  carotid  was 
clamped,  occlusion  of  the  ipsilateral  artery  had  a  much  greater 
effect  than  clamping  of  the  contralateral  artery,  in  lengthening 
the  time  interval.  The  fact  that  doses  of  adrenahn  could  be 
determined    which,    when    injected   into    a    vein,   behaved    as 
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TABLE  7 


Condensed  protocol  of  experiment  on  a  cat  weighing  S  kg.,  whose  left  superior  cer- 
vical ganglion  had  been  excised  9  days  before.  The  numbers  in  brackets  are  the 
distances  between  the  coils  in  stimulating. 


2 . 5  grams  ure thane 

Ether 

Left  splanchnic  ligated,  divided  and  iso- 
lated in  thorax 

Left  splanchnic  (stimulated)  9.8  seconds 

(coils  at  12  cm.) 

Left  splanchnic  (stimulated)  10  seconds 

(coils   at    12   cm.)    (with   left   carotid 

clamped) 

Eeft  carotid  clamjjed  for  10  seconds  (no 

effect  on  eye) 

Left  splanchnic  stimulated  for  10  seconds 

(8.5  cm.) .'. . 

Left  splanchnic  stimulated  for  6.8  sec- 
onds (8.5  cm.) 

Left  splanchnic  stimulated  for  5  seconds 

(9  cm.) 

Left  splanchnic  stimulated  for  5  seconds 

(9  cm.)  (left  carotid  clamped) 

Left  splanchnic  stimulated  for  5  seconds 

(10  cm.) 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.) 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.) 

Left  splanchnic  stimulated  for  1   second 

(12  cm.)  (left  carotid  clamped) 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (both  carotids  clamped) 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.) 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  (both  carotids  clamped) 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.) 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.) 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (both  carotids  clamped) 


DILATATION 
OF  PDPIL  AFTER 


«econ^« 


9.8 


12.8 


NICTITAT- 
ING 
MEMBRANE 


10.2 

+ 

6.8 

+ 

7.0 

+ 

8.0 

8.6 

6.8  (moderate) 

7.2  (moderate) 

+ 

10.8  (moderate) 

+ 

No  eff .  at  20 

- 

7.2 

+ 

12.4 

+ 

7.2 

+ 

10.2 

+ 

No  react,  in  25 

+ 


+ 
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TABLE  7— Continued 


DILATATION 

NICTITAT- 

TIME 

OP   PUPIL  APTBB 

ING 
MEMBRANE 

seconds 

3.26 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (left  carotid  clamped) 

16.2  (moderate) 

- 

3.30 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.) 

7.8 

+ 

3.32 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (both  carotids  clamped) 

No  react,  in  30* 

3.35 

Clamped  both  carotids  for  25  secondsf. .  . 

3.44 

Left  splanchnic  stimulated  for  10  seconds 

(12  cm.)  (both  carotids  clamped)tt 

12.4 

+ 

3.49 

Left  splanchnic  stimulated  for  8.6  seconds 

(12  cm.) 

8.6 

+ 

3.51 

Left  splanchnic  stimulated  for  10  seconds 

(12  cm.)  (left  carotid  clamped) 

10.2 

+ 

3.55 

Left  splanchnic  stimulated  for  10  seconds 

(12  cm.)  (both  carotids  clamped) 

15.6 

+ 

No  reaction  on  releasing 

4.00 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  (both  carotids  clamped) 

15.8  (moderate) 

- 

4.03 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  (left  carotid  clamped) 

No  effect 

4.06 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.) 

8.4 

+ 

4.08 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  (left  carotid  clamped) 

11.0 

+ 

4.09 

Left  splanchnic  stimulated  for  5  seconds 

(12  cm.)  (right  carotid  clamped) 

9.2 

+ 

4.12 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.) 

7.6 

+ 

4.16 

Left  splanchnic  stimulated  for  2  seconds 

(12  c,m.)  (both  carotids  clamped) 

No  effect 

4.19 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (left  carotid  clamped) 

13.8  (moderate) 

+ 

4.27 

Left  splanchnic  stimulated  for  2  seconds 

(12  cm.)  (right  carotid  clamped) 

9.4 

4.47 

1  cc.   (1:  100,000)  adrenalin  into  femoral 

vein 

10.6 

5.07 

2  cc.   (1:25,000)  adrenalin  into  femoral 

vein 

7.8 

+ 

5.12 

1  cc.    (1:  12,500)  adrenalin  into  femoral 

vein 

7.4 

+ 

5.14 

1  cc.  (1:  12,500)  adrenalin  (both  carotids 

clamped) 

11.2 

+ 
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TABLE  7— Continued 


DILATATION 
OF  PUPIL   AFTER 


NICTITAT- 
ING 
MEMBRANE 


0.5  cc.  (1:12,500)  adrenalin  (both  carotids 
clamped) 

0.3  cc.  (1:  12,500)  adrenalin 

0.3  cc.  (1:  12,500)  adrenalin  (both  carotids 
clamped) 

0.5cc.  (1:  25,000)  adrenalin  (both carotids 
clamped) 

Left  splanchnic  stimulated  for  2  seconds 
(12  cm.) 

Left  splanchnic  stimulated  for  2  seconds 
(12  cm.) 

Left  splanchnic  stimulated  for  5  seconds 
(12  cm.) 

Left  splanchnic  stimulated  for  5  seconds 
(12  cm.)  (both  carotids  clamped) 

Left  splanchnic  stimulated  for  2  seconds 
(12  cm.)  (both  carotids  clamped) 

0.7  cc.  (1:25,000)  adrenalin  (slowly  in- 
jected)  

0.6  cc.  (1:25,000)  adrenalin  (injected 
faster) 

1.2  cc.  (1:25,000)  adrenalin  (injected 
faster) 

1.2  cc.  (1:25,000)  adrenalin  (both  carot- 
ids clamped) 

0.25  cc.  (1:  25,000)  adrenalin  (both  carot- 
ids clamped) 

Left  splanchnic  stimulated  for  6.2  sec- 
onds (12  cm.) 

0.3  cc.  (1:  25,000)  adrenalin 

0.25  cc.  (1:  25,000)  adrenalin 

0.3  cc.  (1 :  25,000)  adrenalin  (both carotids 
clamped) 

0.25  cc.  (1:  25,000)  adrenalin  (left  carotid 
clamped) 

0.3  cc.  (1:25,000)  adrenalin  (right  carotid- 
clamped)  , 

0.15  cc.  (1:  25,000)  adrenalin  (left  carotid 
clamped) 

0. 15  cc.  (1 :  25,000)  adrenalin 

0.15  cc.  (1:  25,000)  adrenalin  (both carotids 
clamped) 


seconds 

16.6 
12.8 

20.0 

17.2 

6.0 

6.0 

6.0 
15.0 

No  reaction 
11.2 

8.6 

6.0 

14.2  (moderate) 

Xo  reaction 

6.2 
12.0 
12.0 

No  reaction 

15.2 

11.6 

17.0  (moderate) 
13.4 

No  reaction 


4- 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 


+ 
+ 
+ 


+ 

+ 

+ 
+ 
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TABLE  7— Continued 


7.02 
7.03 
7.06 

7.07 

7.09 

7.10 

7.11 

7.12 

7.13 

7.15 

7.18 


0.15  cc.  (1:  25,000)  adrenalin 

Right  splanchnic  divided  isolated 

Right  splanchnic  stimulated  for  8.2  sec- 
onds (9  cm.) 

Right  splanchnic  stimulated  for  8.2  sec- 
onds (9  cm.) 

Right  splanchnic  stimulated  for  10  sec- 
onds (12  cm.) 

Right  splanchnic  stimulated  for  5  sec- 
onds (12  cm. ) 

Right  splanchnic  stimulated  for  5  sec- 
onds (9  cm.) 

0.8  cc.  (1:25,000)  adrenalin  (injected 
slowly) 

1.0  cc.  (1:25,0(X))  adrenalin  (injected 
slowly) ^ 

1.0  cc.  (1:25,000)  adrenalin  (injected 
rapidly  under  pressure) 

2.0  cc.  (1:25,000)  adrenalin  (injected 
rapidly  under  pressure) 


DILATATION 
OF    PUPIL   AFTER 


seconda 


10.2 


8.2 

+ 

9.0 

+ 

13.0 

+ 

12.0  (moderate) 

+ 

10.0  (moderate) 

+ 

11.0 

+ 

11.0 

+ 

8.4 

•  + 

7.4 

+ 

NICTITAT- 
ING 
MEMBRANE 


+ 


Left  adrenal  weighed  0.214  gm.  and  contained  0.12  mg.  epinephrin. 

Right  adrenal  weighed  0.203  gm.  and  contained  a  trace  of  epinephrin  (less  than 
0.02  mg.). 

*  When  carotids  were  clamped,  gradual  dilatation  of  both  pupils  occurred, 
the  left  going  on  to  almost  full  dilatation.  On  removing  clamps,  left  pupil 
kept  on  dilating  to  full,  and  the  nictitating  membrane  retracted  at  12.4  seconds 
after  release  of  carotids. 

t  Both  pupils  gradually  dilated,  left  more  than  right.  After  release  con- 
traction of  both  pupils,  right  contracting  immediately  and  left  gradually.  The 
left  nictitating  retracted  16.4  seconds  after  release. 

tt  Removed  clamp  after  35  seconds.  The  same  effects  were  observed  as  is  in 
observation  of  3.35,  nictating  retracting  14.1  seconds  after  release.  The  eflfects 
observed  when  carotids  were  released  after  occlusion  for  periods  of  such  length 
were  invariably  the  same,  and  reference  to  them  is  omitted  in  the  rest  of  the 
protocol. 

regards  the  eye  response  evoked  during  interference  with  the 
arterial  supply  of  the  eye  ball,  precisely  in  the  same  way  as 
stimulation  of  the  splanchnic,  absolutely  clinches  the  proof  that 
the  nerve  exerts  its  effect  by  liberating  epinephrin. 

The  amount  of  adrenalin  necessary  to  reproduce  approximately 
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the  effect  of  a  stimulation  of  the  left  splanchnic  for  2  to  5  sec- 
onds was  about  1  cc.  of  a  1 :  25,000  solution,  i.e.,  0.04  mg.  An 
assay  of  the  adrenalin  used  showed  that  it  was  10  per  cent  under 
its  nominal  strength.  Even  assuming  that  the  necessary  quan- 
tity was  only  0.02  mg.,  the  large  number  of  successful  stimula- 
tions (at  least  20),  if  each  Hberated  0.02  mg.  of  epinephrin,  would 
imply  a  very  large  initial  store  of  epinephrin  in  the  left  adrenal, 
(higher  indeed  than  EUiot  found  in  any  cat),  if  all  the  liberated 
epinephrin  came  from  the  store.  Add  to  this,  that  some  of  the 
stimulations  were  longer  than  5  seconds,  and  we  know  that 
the  reaction  and  therefore  the  amount  of  epinephrin  set  free 
increases  up  to  a  certain  point  with  duration  of  the  stimu- 
lation. Further,  there  is  scarcely  any  doubt  that  the  eye  reac- 
tions could  have  been  eHcited  a  much  larger  number  of  times 
by  stimulation  of  the  nerves,  had  it  been  the  object  of  the  ex- 
periment to  determine  the  maximum  number  of  successful  ex- 
citations. It  is  suggestive  in  thLs  connection  that  the  extremely 
low  content  of  epinephrin  in  the  right  adrenal,  accoimted  for,  in 
accordance  with  ElUot's  work,  by  the  corresponding  splanchnic 
nerve  having  remained  intact  during  an  anaesthesia  of  6  hours 
duration  (a  good  deal  of  ether  being  needed),  coincided  with  a 
considerable  power  of  the  right  splanchnic  to  Hberate  epinephrin 
in  response  to  electrical  stimulation. 

The  distinct  shortening  of  the  time  interval  between  the  be- 
ginning of  stimulation  of  the  left  splanchnic  and  the  beginning 
of  the  eye  response  seen  in  the  observ^ations  commencing  at  5.45 
p.m.  is  probably  connected  with  improvement  in  the  circulation 
due  to  repeated  injections  of  adrenalin  and  also  of  the  Ringer's 
solution  in  which  it  was  dissolved. 

We  take  the  opportunity  to  point  out  here  that  the  denerv^ated 
eye  reactions  not  only  constitute  an  extraordinarily  sensitive 
test  for  small  quantities  of  epinephrin  circulating  in  the  blood, 
but  also  afford  the  means  of  studying  certain  questions  con- 
nected w^th  the  mass-movement  of  the  blood,  and  especially  with 
the  collateral  circulation  when  large  vessels  are  blocked.  The 
demonstration  of  the  onward  flow  of  blood  in  the  inferior  cava, 
after  occlusion  of  the  aorta,  has  already  been  referred  to. 
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As  already  stated,  the  eye  response  in  this  animal  was  very 
easy  to  elicit  by  stimulation  of  the  splanchnic,  and  very  difficult 
to  exhaust.  In  consequence,  it  was  no  doubt  more  difficult  to 
abolish  it  by  occlusion  of  the  carotids  than  in  animals  in  which 
a  smaller  response  was  obtained.  The  cat  was  exceptionally 
large,  and  in  large  animals  the  collateral  circulation  may  be  ex- 
pected to  be  freer  than  in  small,  as  witness  the  difference  in  the 
effect  of  ligating  the  four  cerebral  arteries  in  dogs  on  the  one  hand, 
and  in  cats  and  rabbits  on  the  other. 

Also  the  thyroids  were  much  enlarged.  The  clips  were  put 
on  the  carotids  below  the  level  of  the  thyroids  and  a  freer  col- 
lateral circulation  than  normal  may  have  existed  distal  to  the 
clips.  It  may  be  predicted,  that  in  different  animals  the  effect 
of  clamping  one  or  both  carotids,  on  the  eye  response,  will  vary 
considerably  with  the  excitability  of  the  epinephrin-liberating 
mechanism,  and  with  the  abundance  of  the  collateral  circulation. 
As  a  matter  of  fact,  in  another  cat,  whose  response  to  splanchnic 
stimulation  had  never  been  as  good  as  in  the  case  just  described, 
and  had  been  to  a  certain  extent  exhausted  by  the  time  the  ob- 
servations on  occlusion  of  the  carotids  were  made,  it  was  very 
easy  to  abolish  the  response  by  clamping  the  ipsilateral  carotid 
alone. 

In  this  animal,  whose  superior  cervical  ganglion  had  been  removed  8 
days  before,  the  left  carotid  was  clamped  during  stimulation  of  the 
peripheral  end  of  the  left  splanchnic  nerve.  No  eye  reaction  was  ob- 
tained, either  during  the  occlusion  or  after  the  removal  of  the  clamp, 
although  stimulation  of  the  splanchnic  was  effective  in  control  obser- 
vations with  the  carotid  free.  For  example,  in  one  observation,  stimu- 
lation of  the  splanchnic  was  followed  by  full  dilatation  of  the  left 
pupil  in  10  seconds  from  the  beginning  of  stimulation.  The  pupil  re- 
turned to  normal  in  1  minute.  Four  minutes  later  the  carotid  was 
clamped,  and  the  splanchnic  stimulated  for  25  seconds,  without  result 
on  the  denervated  eye.  Stimulation  was  then  stopped  and  the  clamp 
removed  15  seconds  later.  No  eye  effect  was  obtained  after  removal 
of  the  clamp. 
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MASSAGE   OF   THE   ADRENALS 

It  was  shovm  by  one  of  us  (10)  that  when  the  adrenal  (in  the 
dog)  was  massaged,  a  quantity  of  epinephrin,  easily  detectable 
by  the  intestine  and  uterus  segment  reaction,  was  Uberated  into 
the  adrenal  vein.  The  concentration  of  epinephrin  in  blood  col- 
lected from  the  vein,  in  one  experiment,  was  estimated  at 
1 :  500,000.  The  reactions  of  the  denervated  eye  are  also  obtained 
(in  cats  and  dogs)  when  one  or  both  adrenals  are  massaged  after 
section  of  the  corresponding  or  of  both  splanchnics.  The  time 
interval  between  the  beginning  of  massage  and  the  beginning  of 
the  eye  reaction,  when  massage  gives  a  good  reaction,  is  the  same, 
within  the  Umits  of  error  of  our  observations,  as  the  interval 
when  the  eye  reaction  is  elicited  by  stimulation  of  the  splanchnic. 
In  an  animal  in  which  splanchnic  stimulation  is  causing  a  good 
eye  response,  even  slight  and  momentary  massage  of  the  corre- 
sponding adrenal  may  be  effective.  The  reaction  is  therefore  due 
to  the  setting  free  of  epinephrin  just  as  when  it  follows  stimulation 
of  the  splanchnics. 

That  the  latent  period  of  the  Uberation  of  epinephrin  by  mas- 
sage is  very  short,  as  in  the  case  of  its  liberation  by  stimulation  of 
the  splanchnic,  is  indicated  by  a  comparison  of  the  tune  interval 
at  which  the  eye  reactions  occur  with  the  interval  after  injection 
of  adrenaUn.  For  example,  in  an  experiment  on  a  dog  the  right 
adrenal  was  massaged  and  dilatation  of  the  pupil  occurred  in  the 
denervated  eye  in  11.2  seconds  from  the  beginning  of  massage. 
2.5  cc.  of  a  1 :  50,000  solution  of  adrenaUn  in  Ringer's  was  now  in- 
jected into  the  central  end  of  the  femoral  vein,  and  dilatation  of 
the  pupil,  which  soon  became  maximal,  was  observed  at  11.6 
seconds. 

The  question  may  be  asked  whether  the  efifect  of  nassage  is  not 
really  a  mechanical  stimulation  of  the  nerve  fibres  in  the  glands. 
That  it  is  something  more  is  indicated  by  the  fact  that  when  after 
repeated  stimulation,  excitation  of  a  splanchnic  nerve  has  ceased 
to  be  followed  by  an  eye  reaction,  a  good  reaction  may  still  be 
obtained  by  massage  of  the  gland.  Ultimately,  this  fails  also, 
and  at  a  time  when  the  gland  still  contains  epinephrin,  as  deter- 
mined by  quantitative  estimation  after  its  removal. 
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For  example,  in  an  experiment  on  a  cat  (anesthetized  with  ether 
alone),  the  left  splanchnic  was  stimulated  before  cutting  it.  The  eye 
reaction  was  readily  obtained  (in  10,  11  and  10  seconds  in  three  suc- 
cessive observation,  in  which  the  nerve  was  stimulated  till  the  reaction 
appeared).  After  section  of  the  splanchnic,  stimulation  of  its  periph- 
eral end  was  followed  in  11  seconds  by  dilatation  of  the  pupil  and  re- 
traction of  the  nictitating.  The  nerve  was  then  stimulated  in  seven 
further  observations  for  periods  varying  from  15  to  22  seconds.  No 
effect  was  now  produced  on  the  eye.  The  electrodes  were  then  applied 
to  the  left  adrenal  gland  directly  for  37  seconds.  There  was  no  re- 
sponse by  the  pupil  or  nictitating.  Immediately  thereafter  massage 
of  the  left  adrenal  was  performed,  until  a  response  was  obtained  in  12 
seconds  from  the  beginning  of  the  massage.  The  eye  response  was 
maximal,  and  the  pupil  remained  well  dilated  for  more  than  5  minutes, 
indicating  that  the  massage  had  liberated  a  considerable  amount  of 
epinephrin.  Five  minutes  after  the  first  massage,  the  gland  was  again 
massaged  for  30  seconds,  without  causing  any  further  dilatation  of  the 
pupil,  which  had  not  at  this  time  diminished  to  its  original  size.  Three 
minutes  later  the  splanchnic  was  stimulated  for  18  seconds  without 
effect.  Massage  of  the  gland  was  repeated  in  3  minutes,  till  dilatation 
of  the  pupil  occurred  in  15  seconds  from  the  beginning  of  the  massage. 
The  dilatation  persisted  for  10  seconds.  Finally,  the  splanchnic  was 
stimulated  for  23  seconds  without  evoking  any  eye  response. 

In  an  experiment  on  a  dog,  the  left  splanchnic  (in  the  thorax)  had 
been  stimulated  13  times,  stimulation  being  in  each  case  followed  by 
good  eye  reactions.  The  average  time  of  stimulation  was  15  seconds. 
The  time  interval  at  which  the  eye-response  followed  the  beginning  of 
stimulation  ranged  from  8.2  to  11.2  seconds  at  different  stages  in  the 
experiment.  Two  minutes  before  the  eifect  of  massage  of  the  adrenals 
was  tested,  stimulation  of  the  left  splanchnic  caused  dilatation  of  the 
pupil  in  8.4  seconds.  A  brief  massage  of  the  left  adrenal  then  pro- 
duced an  eye  response  in  8.2  seconds.  The  dilatation  of  the  pupil  was 
good,  and  greater  than  that  caused  by  the  previous  stimulation  of  the 
nerve.  Five  minutes  later  the  left  adrenal  was  massaged  for  2  seconds; 
no  effect  was  caused  on  the  eye.  After  an  interval  of  2  minutes,  the 
left  adrenal  was  strongly  massaged  for  5  seconds,  and  dilatation  of  the 
pupil  was  seen  18.4  seconds  after  the  beginning  of  the  massage.  The 
pupil,  however,  was  still  dilated  from  the  first  massage.  One  minute 
later  the  gland  was  massaged  strongly,  and  full  dilatation  of  the  pupil 
was  obtained  in  22.4  seconds.     The  massage  was  still  continued  with 
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the  object  of  exhausting  the  epinephrin  store.  The  dilatation  lasted 
3§  minutes.  The  left  splanchnic  was  then  stimulated  for  20  seconds 
without  effect  on  the  eye.  Massage  of  the  left  adrenal  now  caused 
a  very  slight  dilatation  of  the  pupil  after  31.8  seconds.  The  right 
splanchnic  (in  the  thorax)  was  now  stimulated  twice  for  20  seconds 
without  effect.  Massage  of  the  right  adrenal  was  then  performed,  and 
dilatation  of  the  pupil  occurred  11.2  seconds  from  the  beginning  of  the 
massage. 

It  will  be  observed  that  massage  of  the  right  unexhausted 
adrenal  caused  a  pupil  reaction  after  a  time  interval  of  the  same 
order  of  magnitude  as  was  obtained  earlier  in  the  experiment, 
while  the  animal  was  in  good  condition,  by  stimulating  the 
splanchnic;  and  also  of  very  much  the  same  length  as  the  time 
interval  of  the  reaction  ehcited  in  the  first  massage  of  the  left 
adrenal.  The  conclusion  can  scarcely  be  avoided  that  the 
reason  for  the  extraordinary  increase  in  the  length  of  the  interval 
in  the  later  massage  observations  on  the  left  adrenal  is  due  to  the 
fact  that  very  httle  epinephrin  could  now  be  Uberated  by 
massage.  It  therefore  took  a  considerable  time  to  accmnulate 
such  an  effect  on  the  pupil  as  comes  within  the  limits  of  obsers^a- 
tion. 

The  left  adrenal  in  this  dog  weighed  0.376  gram  and  contained 
0.24  mg.  of  epinephrin.  The  right  adrenal  weighed  0.360  gram 
and  contained  0.42  mg.  of  epinephrin.  The  difference  is  strik- 
ing, particularly  if  we  reflect  that  the  right  splanchnic  remained 
intact  much  longer  than  the  left,  and  according  to  Elliott,  ex- 
haustion of  the  epin^hrin  store  proceeds  rapidly  in  an  anesthet- 
ized animal,  in  the  gland  whose  splanchnic  supply  has  not  been 
divided,  whereas  Uttle  if  any  effect  is  produced  by  prolonged 
stimulation  of  the  cut  splanchnic  nerve.  Accordingly,  it  seems 
highly  probable  that  the  difference  in  the  epinephrin  content  of  the 
two  glands  in  this  experiment  represents  the  epinephrin  Uberated 
by  the  vigorous  massage  of  the  left  adrenal,  or  a  portion  of  this 
difference.  The  great  dilatation  of  the  pupil  of  the  denervated 
eye  occasioned  by  this  massage  supports  the  idea  that  the  amount 
of  epinephrin  so  Uberated  was  substantial. 

After  a  gland  has  failed  to  yield  an  eye  reaction  either  by 
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stimulation  of  the  splanchnic  or  by  massage,  a  reaction  may 
again  be  obtained  from  it  after  a  period  of  rest.  But  so  far  as 
our  experiments  on  this  point  go,  the  power  to  respond  is  never 
so  great  as  at  first  and  is  soon  again  lost. 

RELATION   OF   THE   EPINEPHRIN   STORE   IN  THE   ADRENAL   TO   THE 
EPINEPHRIN    LIBERATED    BY    SPLANCHNIC    STIMULATION 

We  have  tried  to  determine  whether  there  is  any  relation  be- 
tween the  stock  of  epinephrin  in  an  adrenal  gland  and  the 
readiness  with  which  epinephrin  is  given  off  to  the  blood  (as 
tested,  for  example,  by  the  minimum  length  of  stimulation  of 
a  given  strength  which  will  yield  an  appreciable  reaction)  or 
the  total  amount  of  epinephrin  which  can  be  so  given  off  in 
response  to  splanchnic  stimulation  or  massage.  The  details  "of 
our  observations  on  this  point  will  be  omitted  for  the  present. 
While,  as  has  been  already  mentioned,  good  eye  reactions  have 
been  seen  in  animals  whose  adrenals  at  the  end  of  the  experi- 
ment were  still  found  relatively  rich  in  epinephrin,  and  poor  eye 
reactions  in  animals  whose  adrenals  at  the  end  of  the  experiment 
contained  only  a  small  epinephrin  store,  we  have  also  seen  per- 
fectly good  reactions,  and  have  been  able  to  elicit  them  frequently 
over  long  periods,  in  animals  whose  adrenals  when  finally  ex- 
cised were  found  poor  in  epinephrin.  It  does  not,  at  present 
at  any  rate,  appear  that  glands  with  a  relatively  low  epinephrin 
content  necessarily  give  a  poorer  response,  as  tested  by  the  eye 
reactions,  or  one  more  easily  exhaustedj  than  glands  with  a 
relatively  high  content.  This  statement  is  based  merely  upon 
the  routine  examination  of  the  glands,  after  the  experiments  were 
finished,  by  the  method  of  Folin,  Cannon  and  Denis  (1).  The 
animals  had,  of  course,  been  anesthetized  for  a  considerable  time. 
The  epinephrin  content  may  therefore  be  assumed  to  have  been 
diminished  to  some  extent.  We  tried  in  one  case  to  bring  about 
a  high  degree  of  exhaustion  by  a  prolonged  period  of  "frighten- 
ing" a  cat  by  a  dog  just  before  the  experiment.  But  the  epi- 
nephrin content  was  found  to  be  fully  as  high  as  in  cats  in  which 
precautions  has  been  taken  to  reduce  their  emotional  disturbance 
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and  struggle  to  the  minimimi.  The  eye  reaction  to  stimulation 
of  the  splanchnic  was  quite  as  good,  and  could  be  obtained 
quite  as  often  wdthout  exhaustion,  as  in  the  run  of  our  experi- 
ments. There  is  no  a  priori  reason  to  assume  that  the  epinephrin 
Uberated  into  the  blood  in  response  to  stimulation  of  the  nerves 
must  necessarily  come  entirely  from  the  store  already  present 
in  the  glands.  If  it  does  come  entirely  from  this  store,  it  is  not 
easy  to  understand  ElUott's  result,  that  stimulation  of  the 
splanchnic  fails  to  cause  any  reduction  in  the  epinephrin  content 
of  the  corresponding  adrenal.  For  nothing  is  more  certain,  than 
that  epinephrin  is  given  oflf  into  the  adrenal  vein  blood  during 
such  stimulation.  TSTiile  it  may  be  true  that  we  cannot  definitely 
assay  this  quantity,  by  comparing  the  eye  resp)onse  evoked  by 
splanchnic  stimulation  with  the  quantity  of  injected  adrenalin 
necessary  to  ehcit  the  same  amount  of  response,  since  we  do  not 
know  for  certain  that  the  epinephrin  as  it  passes  into  the  circu- 
lation from  the  adrenals  is  quite  the  same  thing  as  the  adrenalin 
which  we  introduce  from  a  burette,  yet  there  is  no  doubt  that 
when  in  the  course  of  an  experiment  a  splanchnic  has  been  stimu- 
lated 15,  20  or  even  50  times,  each  time  evoking  a  definite  eye 
reaction,  a  total  amoimt  of  epinephrin  must  have  passed  from  the 
gland  large  enough  to  be  reflected  in  a  diminution  of  the  final 
content  of  that  gland,  unless  in  the  meantime  the  epinephrin 
store  was  being  recruited. 

In  a  cat,  which  had  received  urethane  the  day  before  the  ex- 
periment and  morphine  three  hours  before  the  experiment  and 
which  was  then  anaesthetized  w4th  urethane  and  ether,  a  very  low 
content  of  epinephrin  was  found  in  the  adrenals  at  the  end  of 
the  experiment  (see  condensed  protocol  in  table  8).  The  glands, 
it  is  true,  had  been  massaged  shortly  before  the  animal  was 
killed,  but  had  jdelded  little  epinephrin  to  the  blood  as  judged 
by  the  eye  reaction  eUcited  by  the  massage.  There  is  accordingly 
every  reason  to  beheve  that  the  content  of  epinephrin  was  small 
throughout  the  whole  or  the  greater  part  of  the  experiment.  If 
the  maximal  dilatation  of  the  pupil,  not  only  that  of  the  highly 
sensitive  denervated  eye  but  the  other  also,  induced  by  the 
morphine  and  persisting  for  the  7§  hours  for  which  the  cat  was 
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observed,  was  maintained  by  epinephrin  from  the  adrenal  store, 
it  is  not  conceivable  that  at  any  time  after  observations  on  stimu- 
lation of  the  splanchnics  were  begun  the  store  could  have  been 
great.  Yet  such  reactions  as  were  still  available  (retraction  of 
the  nictitating  and  widening  of  the  aperture)  were  readily  and 
repeatedly  evoked  through  stimulation  of  the  peripheral  ends  of 
the  nerves.  There  is  no  doubt  that  many  more  successful  stimu- 
lations could  have  been  made.  On  the  assumption  that  each 
of  these  required  the  liberation  of  an  amount  of  epinephrin  equal 
to  the  amount  of  adrenalin  which  had  to  be  artifically  introduced 
in  order  to  give  a  similar  reaction,  the  question  again  arises,  as  in 
the  experiment  given  in  table  7,  whether  the  whole  of  this  could 
possibly  have  come  from  the  stored  epinephrin,  or  whether 
epinephrin  liberated  in  response  to  splanchnic  stimulation  was 
formed  at  the  moment. 

In  another  cat,  a  young  animal  weighing  1.5  kg.,  the  left  splanchnic 
(in  the  thorax)  was  stimulated  52  times  in  the  course  of  4  hours.  No 
doubt  a  larger  number  of  successful  stimulations  could  have  been  ob- 
tained. The  amount  of  adrenalin  hydrochloride  which  had  to  be  in- 
jected into  the  femoral  vein  to  yield  a  reaction  equal  to  the  average 
in  the  splanchnic  observations  was  at  least  0.008  mg.  This  would  be 
equivalent  to,  say  0.4  mg.  for  the  total  number  of  reactions.  The  left 
splanchnic  had  been  cut  1|  hours  after  the  administration  of  urethane, 
the  right  37  minutes  later.  The  right  splanchnic  was  stimulated  only 
3  or  4  times,  always  with  a  positive  result.  The  last  stimulation  of  the 
right  splanchnic,  at  the  end  of  the  experiment  gave  as  good  a  reaction 
as  those  made  immediately  after  its  isolation,  Both  adrenals  were 
small.  The  right  weighed  0.104  gm.  and  contained  0.10  mg.  of  epi- 
nephrin. The  left  adrenal  weighed  0.097  gm.  and  contained  0.14  of 
epinephrin.  The  small  content  in  each  case  is  probably  due  to  the  ex- 
haustion of  the  store  under  the  anaesthesia  before  the  nerves  were 
divided.  The  right  gland,  whose  nerve  remained  longer  intact,  has 
naturally  a  somewhat  smaller  content. 

But  it  is  certainly  a  striking  fact  that  the  gland  which  had  lib- 
erated enough  epinephrin  to  cause  a  definite  eye  reaction  more 
than  fifty  times^  (an  effect  equal  to  that  produced  by  0.4  mg. 

•We  have  since  had  more  than  300  successful  stimulations  in  a  cat. 
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TABLE  8 


Condensed  protocol  of  experiment  on  a  cat  weighing  1.5  kg.  Left  superior  cervical 
ganglion  excised  four  days  previously.  On  the  day  before  the  experiment,  the 
animal  received  1  gram  urethane  and  was  allowed  to  recover. 


20  mg.  morphin  subcutaneously 

1  gram  urethane,  by  stomach  tube 

Etherized.     Both   splanchnics    ligated   in    thorax 

and  cut 

Left  splanchnic  stimulated 

Both  splanchnics  stimulated  10  seconds 

Both  splanchnics  stimulated  8.6  seconds 

Both  splanchnics  stimulated  (weaker  current) .... 
Both  splanchnics  stimulated  (weaker  current) .... 

2  cc.  adrenalin  (1 :  100,000)  in  femoral  vein 

0.5  cc.  adrenalin  (1:  25,000) 

2  cc.  adrenalin  (1 :  100,000) 

Both  splanchnics  stimulated  for  8  seconds 

2  cc.  adrenalin  (1 :  100,000) ...  7 

2  cc.  adrenalin  (1:  100,000)  (with  aorta  clamped  for 

10  seconds) 

0.5  cc.  adrenalin  (1:  25,000)  with  aorta  clamped 

for  10  seconds) 

0.5  cc.  adrenalin  (1:  25,000)  (with  aorta  clamped). 
0.5  cc.  adrenalin  (1:  25,000)  (with  aorta  clamped). 

Both  splanchnics  stimulated  for  9.2  seconds 

Both  splanchnics  stimulated  for  10  seconds  (with 

aorta  clamped) 

Both  splanchnics  stimulated  for  1  second 

Both  splanchnics  stimulated  for  0.5  second 

Both  splanchnics  stimulated  for  0.5  second 

Both  splanchnics  stimulated  for  1  second 

Both  splanchnics  stimulated  for  2  seconds 

Both  splanchnics  stimulated  for  2  seconds  (with 

aorta  clamped) 

Both  splanchnics  stimulated  for  5  seconds 

Both  splanchnics  stimulated  for  5  seconds  (with 
aorta  clamped) 

Clamped  aorta  for  5  seconds;  then  stimulated 
splanchnics  for  10  seconds  (with  aorta  clam|)ed). . 

Aorta  released 


BYE-REACTION  ATTSB 


teeondt 


No  effect 
10.6 

8.6 

9.6 

8.0 

8.6 

8.4 

9.8 

8.0 

8.6 


10.8 

7.4 
6.8 
9.2 
9.2 
10.4 


(slow     re- 
traction) 


11.6 

No  effect 
No  effect 
14.0    (slow 


13.0 


14.8 


11.2 


11.8 

11.8 
15.4 


re- 
traction) 

(slow  re- 
traction) 

(slow   re- 
traction) 

(good    re- 
traction) 


(further  re- 
traction) 
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TABLE  8— Continued 


TIME 

EYE-REACTION   AFTER 

5.07 

Clamped  aorta  for  20  seconds;  then  stimulated 
splanchnics  for  5  seconds  (with  aorta  clamped) .  . 
Aorta  released  after  35  seconds 

seconds 

No  effect 
No  effect 

5.09 

Splanchnics  stimulated  for  5  seconds 

11.2 

5.13 

Clamped  aorta  for  10  seconds;  then  stimulated 
splanchnics  for  5  seconds 

8.6 

5  35 

Clamped  inferior  cava  for  35  seconds 

No  effect 

5.43 

Clamped  aorta  and  cava  for  30  seconds 

No  effect 

5.44 

Stimulated  splanchnics  for  5  seconds 

No  effect 

5.48 

Stimulated  splanchnics  for  10  seconds 

15.0  (slow) 

5.52 

Clamped  aorta  and  stimulated  splanchnics  for  10 
seconds 

15.4 

5.56 

Clamped  cava;  then  stimulated  splanchnics  for  10 
seconds 

No  effect 

Released  cava  after  24  seconds 

12.4 

6.00 

Clamped    cava;    stimulated    splanchnics    for    10 
seconds 

No  effect 

Released  cava  after  23  seconds 

16.6 

6.01 

0.1  cc.  adrenalin  (1 :  25,000) 

16.6 

6.05 
6.10 
6  12 

0.2  cc.  adrenalin  (1:  2p,000)  with  aorta  clamped... . 
0.1  cc.  adrenalin  (1:  25,000)  with  aorta  clamped... . 
0.04  cc.  adrenalin  (1:  25,000)  

11.6 
9.8 
17.0  (very  slow) 

6.17  to 
6.27 
6.30 
6  31 

Stimulated  splanchnics  for  10  seconds  in  5  succes- 
sive observations 

Massaged  lightly,  left  adrenal 

Massaged  strongly,  left  adrenal 

No  effect 
No  effect 
No  effect 

6  32 

Massaged  lightly,  both  adrenals 

No  effect 

6  33 

Massaged  vigorously,  both  adrenals 

15.0     (slow) 

6  35 

Stimulated  splanchnics  for  10  seconds 

No  effect 

6.36 
6.40 

0.2  cc.  adrenalin  (1:25,000) 

Heart  still  beating  well,  experiment  stopped. 
Left  adrenal,  weight    0.121  gm.    epinephrin  0.07 

mg. 
Right  adrenal,  weight  0.124  gm.  epinephrin  0.07 

mg. 

16.8  (good    re- 
traction) 

of  adrenalin)  should  still  have  contained,  if  anything,  more 
epinephrin  than  the  gland  which  had  only  liberated  enough  to 
cause  the  reaction  three  or  four  times.  It  does  not  seem  con- 
ceivable that  the  epinephrin  set  free  could  all  have  come  from  the 
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initial  store.  There  is  some  evidence  that  the  epinephrin  set 
free  by  massage  comes  from  the  store  in  the  adrenals,  but  that  is 
quite  a  different  thing. 

SUMMARY 

1.  It  is  shown  (on  cats  and  dogs)  that  the  response  of  the 
denervated  eye  to  stimulation  of  the  peripheral  end  of  the 
splanchnic  nerves,  is  due  solely  to  the  passage  of  a  substance  in 
the  blood  stream  from  the  adrenals  to  the  eyeball.    For 

(a)  When  the  venous  path  is  blocked  the  response  fails,  but 
appears  on  releasing  the  block,  and  at  the  same  interval  of  time 
as  when  the  vessels  are  free.  The  active  substance  must  there- 
fore have  accumulated  during  the  period  of  stimulation  of  the 
nerves  behind  the  block. 

(b)  When  the  heart  is  stopped  by  stimulation  of  the  peripheral 
end  of  the  vagus,  stimulation  of  the  splanchnics  produces  no 
effect  on  the  eye.  But  on  allowing  the  heart  to  beat  again,  the 
eye  response  occurs  at  approximately  the  same  time  from  the 
moment  of  reestabUshment  of  the  circulation,  as  the  time  inter- 
val between  stimulation  of  the  splanchnics  and  the  response 
with  the  circulation  going  on  normally.  During  the  stoppage  of 
the  circulation,  by  complete  cardiac  inhibition,  accordingly, stimu- 
lation of  the  splanchnics  must  have  caused  Uberation  of  the  active 
substance  at  the  same  point  from  which  it  starts  when  the  splanch- 
nics are  stimulated  wdthout  cardiac  inhibition. 

(c)  When  the  circulation  is  slowed  without  being  stopped,  as  by 
producing  partial  inhibition  of  the  heart  through  the  vagus  or 
by  hemorrhage,  the  interval  between  the  beginning  of  stimula- 
tion of  the  splanchnics  and  the  appearance  of  the  eye  response  is 
correspondingly  increased. 

(d)  It  is  possible  to  find  a  strength  and  duration  of  stimulation 
of  the  splanchnics  with  which  no  eye  response  will  be  obtained, 
when  the  ipsilateral  or  both  carotids  are  clamped,  but  which  will 
give  a  response  with  the  vessels  free.  With  longer  or  stronger 
stimulation,  a  response,  but  a  belated  one,  may  occur  even  with 
the  carotids  clamped.  The  abolition  of  the  response,  and  its 
retardation,  can  be  imitated  when  appropriate  doses  of  adrenalin 
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are  injected  into  the  femoral  vein  with  the  carotids  clamped  or 
free. 

(e)  When  adrenalin  is  injected  into  the  left  renal  vein,  or  into 
the  central  end  of  the  femoral  vein,  in  suitable  amoimt  to  pro- 
duce an  eye  response  approximately  equal  to  that  produced  by  a 
given  stimulation  of  the  splanchnics,  the  interval  of  time  after 
which  the  response  follows  is  sensibly  the  same  for  adrenalin 
injection  as  for  splanchnic  stimulation. 

2.  When  the  aorta  is  clamped,  and  the  splanchnic  then  stimu- 
lated, a  response  may  be  obtained  in  the  eye  while  the  clamp  is 
still  on,  or  only  after  its  removal,  or  both  during  the  application 
and  after  removal  of  the  clamp.  There  is  some  variability  in  this 
regard  in  different  experiments.  There  is  also  a  somewhat 
greater  variability  in  the  time  interval  at  which  the  response  ap- 
pears, than  in  observations  in  which  the  splanchnics  are  stimu- 
lated with  the  vessels  free,  or  with  the  veins  clamped.  The 
interpretation  of  these  differences  is  discussed. 

3.  Circulation  time  measurements  show  that  there  is  always 
more  than  sufficient  time  for  a  substance  to  have  been  carried 
in  the  blood  from  the  adrenals  to  the  eye  before  the  appearance  of 
the  eye  reactions. 

4.  The  latent  period  of  liberation  of  epinephrin  from  the 
adrenals  on  stimulation  of  the  splanchnics  is  short  since  the  time 
interval  after  which  the  eye  response  occurs  is  sensibly  the 
same  whether  it  is  evoked  by  splanchnic  stimulation  or  by  the 
injection  at  the  level  of  the  adrenals  of  a  quantity  of  adrenalin 
sufficient  to  elicit  a  response  similar  in  character  and  amount. 

5.  The  minimum  period  of  stimulation  of  the  splanchnics 
needed  to  Uberate  sufficient  epinephrin  to  elicit  a  response  in  the 
denervated  eye  is  very  brief  (a  fraction  of  a  second).  With  a 
current  of  given  intensity  the  amount  of  the  response  increases 
up  to  a  certain  point  with  the  duration  of  the  stimulation. 

6.  Massage  of  one  or  both  adrenals  causes  definite  eye  response 
in  an  animal  in  which  stimulation  of  the  splanchnics  has  been 
causing  it,  and  at  the  same  interval  of  time.  When,  after  re- 
peated excitations  of  a  splanchnic  nerve,  the  reaction  on  the  eye 
ceases  to  be  obtained,  it  can  still  in  general  be  elicited  by  mas- 
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sage  of  the  corresponding  adrenal.     But  this  reaction  is  soon 
exhausted. 

7.  Good  eye  reactions  have  been  obtained  by  stimulation  of  the 
splanchnics  in  cats,  in  which  attempts  were  made  before  the  ex- 
periment to  exhaust  the  epinephrin  store  of  the  adrenals,  for 
example,  by  frightening  or  by  administration  of  morphin.  It 
did  not  seem  that  it  was  easier  to  exhaust  the  capacity  of  the 
splanchnic  nerves  for  eliciting  these  reactions  in  such  animals, 
than  in  animals  which  were  guarded  as  much  as  possible  against 
preliminary  exhaustion  of  the  epinsphrin  store  by  psychical 
disturbances. 
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(Note  added  April  24,  1916.)  It  has  since  been  shown  by  two  of  us  (S.  &  R.) 
that  suflBcient  epinephrin  is  liberated  from  the  adrenals  in  cats  (under  ether 
anaesthesia)  without  electrical  stimulation  of  the  splanchnics  to  give  a  definite 
eye  reaction.  The  experiment  is  done  by  clamping  the  inferior  cava  just  above 
the  iliac  veins  and  also  clamping  the  two  renal  veins,  then  stripping  the  cava 
gently  upwards  so  as  to  empty  it  of  blood  above  the  clamp  and  finally  clamp- 
ing it  above  the  adrenal  veins.  Small  branches  of  the  segment  of  cava  have 
been  previously  tied.  The  pocket  is  allowed  to  fill  with  blood  from  the  adre- 
nals. When  the  clamps  are  removed  the  eye  reactions  are  obtained  at  the  same 
time  interval  as  when  the  splanchnics  are  stimulated  with  the  vessels  free. 
After  division  of  the  splanchnics  (in  the  thorax)  the  blood  collected  in  the  pocket 
does  not  affect  the  eye  unless  the  splanchnics  are  stimulated. 


Reprinted  from  the  Proceedings  of  the  Society  for  Experimental  Biology  and  Medicine, 
I916,  xiii,  pp.  186-189, 
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The  liberation  of  epinephrin  from  the   adrenals. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Cushing  Laboratory  of  Experimental  Medicine^ 
Western  Reserve  University.] 

The  solution  of  the  question  of  the  liberation  of  epinephrin 
into  the  adrenal  veins  and  the  estimation  of  the  amount  so  liber- 
ated in  the  absence  of  artificial  stimulation  of  the  splanchnics  are 
complicated  by  the  fact  that  after  withdrawal  of  blood  pressor 
substances  are  quickly  developed  in  it,  which  give  the  same  effect 
as  epinephrin  on  such  objects  as  the  vessels  of  a  frog's  legs.*  It  is 
therefore  desirable  to  demonstrate  the  fact  of  its  liberation  and  to 
assay  its  amount  without  the  necessity  of  withdrawing  blood. 
We  have  done  this  (in  the  cat)  by  means  of  the  denervated  eye 
reactions  (of  Meltzer),'  and  by  the  effect  on  the  blood  pressure 
curve. 

I.  For  the  eye  reactions  all  that  is  necessary  is  to  clamp  off 
temporarily  a  pocket  of  the  inferior  vena  cava  so  that  only  adrenal 
vein  blood  enters  it.  A  clamp  is  applied  just  above  the  iliac  veins. 
The  renal  veins  are  then  clamped  and  the  segment  of  cava  emptied 
of  blood  by  gently  stripping  it  upwards.  Finally  a  clamp  is  put  on 
the  cava  above  the  adrenal  veins.  Only  a  few  seconds  are  oc- 
cupied in  the  adjustment  of  these  clamps.  Small  branches  of 
the  segment  of  cava  have  been  previously  tied.  The  pocket  is 
allowed  to  fill  with  blood  from  the  adrenals.  When  the  clamps 
are  removed,  the  eye  reactions  are  elicited  at  practically  the  same 
time  interval  as  when  the  splanchnics  are  stimulated  with  the 
vessels  free. 

^  J.  of  Physiology,  1911,  43,  p.  109. 

*  Cf.  Trendelenburg,  Archiv  f.  Exper.  Path.  u.  Pharmakol.,  191S.  79.  p.  154. 

*  Experiments  on  the  liberation  of  epinephrin  by  stimulation  of  the  splanchnics. 
in  which  the  eye  reactions  were  used,  have  been  described  by  us  elsewhere.  Journal 
of  Pharmacology  and  Experimental  Therapeutics.  1916,  8,  p.  205. 


2  -Scientific  Proceedings  (76). 

2.  After  section  of  both  splanchnics  (above  the  diaphragm) 
the  reactions  can  no  longer  be  obtained.  Section  of  the  splanch- 
nics has  therefore  greatly  diminished,  if  not  abolished,  the  libera- 
tion of  epinephrin.  This  is  not  due  to  the  low  blood  pressure 
caused  by  division  of  the  nerves.  For  if  only  the  right  splanchnic 
is  cut  there  is  little,  if  any,  fall  of  blood  pressure.  Nevertheless 
when  the  cava  pocket  is  closed  off  as  described,  and  in  addition  a 
clamp  is  put  on  the  left  adrenal  vein,  the  right  being  free,  no  eye 
reaction  is  elicited  on  allowing  the  pocket  to  empty  itself.  When 
the  experiment  is  repeated  with  the  left  adrenal  vein  free  the 
reaction  is  obtained,  although  of  course  less  strongly  than  with 
both  splanchnics  intact  and  both  adrenal  veins  open,  since  only 
half  the  amount  of  epinephrin  is  discharged. 

3.  To  demonstrate  the  effect  of  epinephrin  liberated  into  a 
cava  pocket  upon  the  blood  pressure  of  the  same  animal,  a  some- 
what different  procedure  must  be  adopted,  in  order  to  avoid  undue 
disturbance  of  the  blood  pressure  curve  on  forming  and  on  re- 
leasing the  pocket.  The  lower  end  of  the  cava  segment  is  tied 
permanently  after  previous  ligation  of  the  abdominal  aorta  and 
squeezing  of  blood  from  the  legs.  The  renal  arteries  and  veins 
are  also  tied.  When  the  eye  reactions  are  available  to  compare 
with  the  blood-pressure  curve  and  manipulation  of  the  intestines 
is  avoided  during  the  application  of  the  upper  clamp  to  the  cava 
segment,  it  is  not  always  necessary  that  the  circulation  through 
the  intestines  and  liver  should  be  interfered  with.  Even  when 
the  blood  pressure  curve  is  somewhat  irregular  the  rise  of  pres- 
sure caused  by  the  liberated  epinephrin,  occurring  at  a  definite 
interval  after  release  of  the  pocket,  can  be  identified  by  the  fact 
that  the  eye  reaction  also  commences  at  or  about  this  moment. 
However,  to  further  strengthen  the  evidence  we  have  made  experi- 
ments in  which  the  celiac  and  superior  mesenteric  arteries  are  first 
tied  off,  then  the  renal  arteries,  and  then  the  abdominal  aorta  just 
below  the  kidneys.  As  much  blood  as  possible  is  got  into  the 
anterior  end  of  the  animal,  and  then  the  inferior  cava  is  tied  above 
the  iliacs.  The  renal  veins  are  then  ligated,  and  the  cava  pocket 
now  represents  only  a  blind  pouch  upon  the  circulation,  the  fillmg 
of  which  from  the  adrenal  veins,  or  the  emptying  of  which  after 
removal  of  the  upper  clamp  produces  relatively  little  mechanical 
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effect  upon  the  blood  pressure.  The  lower  end  of  the  animal  is 
kept  raised  throughout  the  experiment.  This  facilitates  emptying 
of  the  pocket  without  manipulation. 

4.  In  different  experiments  we  have  assayed,  by  the  injection 
of  known  quantities  of  adrenalin,  the  amount  of  epinephrin 
liberated  without  artificial  stimulation  of  the  splanchnics,  under 
our  experimental  conditions  (narcosis  with  urethane  alone,  and 
with  urethane  supplemented  with  ether).  For  example,  in  one 
experiment  we  found  0.0005  mg.  and  in  another  0.0009  i^ig-  P^r  kg. 
of  animal,  per  minute.  When  the  pocket  is  allowed  to  fill  during 
stimulation  of  the  splanchnics,  with  intervals  of  rest,  the  effect 
on  release  is  distinctly  greater  than  when  it  is  allowed  to  fill  for 
the  same  time  without  artificial  stimulation  of  the  nerves. 

5.  We  have  endeavored  to  measure  the  amount  of  blood 
collected  in  the  pocket,  without  bringing  it  into  contact  with  any 
foreign  substance,  in  the  following  way :  One  of  the  iliac  veins  is 
tied  near  its  distal  end  and  the  other  near  the  cava.  Both  iliacs 
are  then  divided  distal  to  the  ligatures.  By  means  of  the  ligature 
on  the  first  iliac  it  is  suspended  vertically,  while  the  greater  part 
of  the  cava  s^ment  lies  undisturbed.  The  iliac  vein  thus  serves 
as  the  neck  of  a  measuring  flask,  so  to  say,  the  body  of  which  is 
composed  of  the  cava  segment.  It  is  not  diflicult  to  determine 
the  moment  when  the  blood,  entering  the  pocket  practically 
without  resistance,  the  walls  of  the  vein  being  scarcely  at  all 
distended  so  long  as  the  vertical  portion  of  the  pocket  is  empty, 
just  reaches  the  proximal  end  of  the  iliac.  If  undue  exposure  of 
the  vein  is  prevented,  a  comparison  of  the  flow  from  the  adrenals 
in  successive  observations  is  made  possible  by  noting  the  intervals 
of  time  necessary  for  the  pocket  to  fill  up  to  this  point.  The 
quantity  of  blood  required  to  fill  the  pocket  can  be  determined 
once  for  all  in  each  animal.  The  vertical  position  of  a  portion  of 
the  pocket  helps  to  empty  it  without  manipulation  when  the 
clamp  is  removed. 

6.  The  sensitiveness  of  the  eye-reactions  to  epinephrin  dis- 
charged from  the  adrenals,  for  example  in  response  to  stimulation 
of  the  splanchnics,  can  be  increased  notably  by  temporarily  clamp- 
ing off  alternative  arterial  paths.  This  must  be  done  at  such  an 
mterval  of  time  after  the  beginning  of  stimulation  as  is  not  more 
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than  sufficient  to  allow  the  epinephrin  to  reach  the  beginning 
of  the  aorta.  A  larger  proportion  of  the  blood  containing  the 
epinephrin  is  thus  forced  to  take  the  path  to  the  eye  whose  re- 
actions are  being  studied.  If,  for  instance,  the  left  iris  is  the 
denervated  one,  clamping  at  the  proper  moment  of  the  thoracic 
aorta  and  the  innominate  markedly  increases  the  reaction.  It  can 
be  further  increased  by  tying  off  all  accessible  branches  of  the  left 
carotid  except  those  through  which  the  eye  must  obtain  its  blood 
supply. 
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It  has  been  stated  by  various  writers  that  epinephrin  is  Uber- 
ated  from  the  adrenals  under  experimental  conditions  in  the 
absence  of  artificial  stimulation  of  the  splanchnics  and  that  the 
Uberation  is  dependent  upon  the  integrity  of  these  nerves.  This 
liberation  may  be  conveniently  "designated  as  spontaneous, 
without  implying  that  it  is  necessarily  a  physiological  process 
and  not  excited  merely  by  the  abnormal  sensory  stimulation, 
the  anesthesia  and  other  factors  connected  with  the  experiment. 

Tscheboksaroff  (1)  injected  blood  collected  from  the  adrenals 
of  dogs  after  defibrination  into  small  dogs  and  determined  the 
efifect  on  the  blood  pressure  of  blood  obtained  during  stimula- 
tion of  the  major  splanchnic  with  that  of  blood  collected  in  the 
absence  of  stimulation  and  with  the  effect  of  blood  obtained 
after  section  of  both  splanchnics.  He  concluded  that  section 
of  the  splanchnics  .causes  distinct  diminution  of  the  adrenalin 
secretion. 

O'Connor  (2)  using  the  Laewen  perfusion  preparation  (frog's 
legs),  states  that  citrate  plasma  collected  from  the  adrenals 
in  rabbits  with  the  splanchnics  intact  has  a  decidedly  greater 
constrictor  effect  than  plasma  collected  after  section  of  the 
splanchnics. 

The  observations  of  Trendelenburg  (3)  on  the  extreme  rapidity 
with  which  a  pressor  action  is  developed  in  shed  blood  have 
shown  how  difficult  it  is  to  be  certain  that  the  vasoconstriction 

^  A  preliminary  note  was  published  in  the  Proceedings  of  the  Society  for 
Experimental  Biology  and  Medicine,  May  24,  1916. 
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caused  in  the  Laewen  preparation  by  a  given  plasma  is  due  to 
epinephrin.  He  finds  that  the  pressor  action  is  so  quickly  de- 
veloped in  blood  on  being  drawn  that  citrate  plasma  cannot  be 
used.  For  in  the  time  required  to  centrifuge  the  blood  consider- 
able quantities  of  the  vasoconstrictor  substances  are  formed. 
Even  entire  citrate  blood  is  already  not  fresh  enough  in  a  frac- 
tion of  a  minute  after  withdrawal. 

In  the  present  position  of  the  question  whether  epinephrin 
is  normally,  or  at  least  under  experimental  conditions,  given  off 
to  the  blood  by  the  adrenals  in  the  absence  of  artificial  splanch- 
nic stimulation,  it  seemed  desirable  to  try  methods  less  open 
to  objection,  especially  so  far  as  the  determination  of  the  amount 
of  epinephrin  hberated  is  concerned.  As  regards  the  further 
question  whether  after  section  of  the  splanchnics  the  discharge 
is  completely  abolished  or  only  diminished,  we  do  not  see  how 
it  is  possible  to  answer  it  by  the  aid  of  methods  which  permit 
the  development  of  the  pressor  substances  in  the  shed  blood 
and  depend  upon  vasoconstrictor  reactions  of  the  test  objects. 

We  have  endeavored  to  overcome  this  difficulty  by  using  a 
method  which  does  not  require  withdrawal  of  the  blood  to  be 
tested,  namely,  collection  of  adrenal  vein  blood  in  a  pocket  of 
vena  cava,  which  is  then  released.  The  presence  of  epinephrin 
in  the  blood  is  deduced  from  its  action  upon  the  denervated 
iris  or  nictitating  membrane,  and  upon  the  blood  pressure  of 
the  same  animal.  The  identification  of  the  change  in  the  blood 
pressure  curve  produced  by  epinephrin  is  greatly  assisted  by 
simultaneous  observation  of  the  eye  reactions.  The  amount 
of  epinephrin  liberated  can  be  estimated  by  imitating  the  effect 
on  the  blood  pressure  curve  by  the  injection  of  appropriate 
amounts  of  adrenalin  in  salt  solution. 

TECHNIQUE 

Cats  were  employed  in  the  great  majority  of  the  experiments.  A 
few  dogs  were  used  for  special  points. 

The  cava  pocket.  Where  the  eye  reactions  are  used  alone  the  cava 
pocket  need  not  be  permanent.  For  certain,  purposes  the  temporary 
closing  off  of  the  pocket  for  a  minute  or  two  at  a  time  is  all  that  is 
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necessary,  and  in  the  interval  the  circulation  proceeds  practically  in 
the  normal  way.  A  clamp  is  applied  just  above  the  iliac  veins.  The 
renal  veins  are  then  clamped  and  the  segment  of  cava  emptied  of  blood 
by  gently  stripping  it  upwards.  Finally  a  clamp  is  put  on  the  cava 
above  the  adrenal  veins.  Only  a  few  seconds  are  occupied  in  the  ad- 
justment of  these  clamps.  Small  veins  entering  the  cava  segment 
have  been  previously  tied.  ^Tien  the  pocket  is  temporarily  clamped 
off  there  follows  a  gradual  dilatation  of  both  pupils.  On  release  of 
the  pocket  the  epinephrin  dilatation  is  easily  seen  in  spite  of  the  ini- 
tial dilatation.  But  one  advantage  of  the  permanent  pocket  is  that 
no  change  occurs  in  the  pupil  on  clipping  off  the  pocket. 

When  the  blood  pressure  is  studied  as  well  as  the  eye  reactions,  the 
removal  of  the  clamps  from  the  temporary'  cava  pocket  generally 
produces  too  great  a  disturbance  of  the  curve.  A  permanent  pocket 
is  therefore  formed  in  the  following  way: 

The  coeliac  and  mesenteric  arteries  are  first  tied,  then  the  abdomi- 
nal aorta  at  the  level  of  the  kidneys.  All  small  veins  entering  the 
cava  segment  are  now  ligated.  Then  the  renal  and  lumbar  veins  are 
hgated.  Meanwhile  the  blood  has  been  draining  out  of  the  intestines 
and  the  hind  legs.  The  legs  are  massaged  so  as  to  expel  as  much  of 
the  remaining  blood  as  possible  and  a  ligature  is  placed  upon  the  in- 
ferior cava  just  above  the  junction  of  the  Uiac  veins.  The  blood  pres- 
sure is  now  high,  and  the  animal  usually  lives  a  long  time.  It  is  kept 
very  warm  on  a  hot  table,  and  the  lower  end  is  elevated  so  as  to  facili- 
tate emptj'ing  of  the  cava  pocket  without  manipulation.  In  some 
experiments  the  portal  vein  was  tied,  in  addition,  after  the  blood  had 
well  drained  from  the  intestines.  The  only  reason  for  tjTng  the  por- 
tal is  to  make  sure  that  the  necessary  manipulation  in  adjusting  the 
clamp  on  the  upper  end  of  the  cava  segment  does  not  mechanically 
squeeze  so  much  blood  from  the  hver  as  to  disturb  the  curve.  In  the 
great  majority  of  experiments  it  was  not  found  necessary  or  advan- 
tageous to  tie  the  portal.  The  cava  pocket  thus  formed  represents 
only  a  bhnd  pouch  upon  the  circulation,  the  filling  of  which  from  the 
adrenal  veins  or  the  emptying  of  which  after  the  removal  of  the  upper 
clamp  produces  very  little  mechanical  effect  upon  the  blood  pressure. 
In  order  to  facilitate  the  application  of  the  clamp  a  thick  soft  thread 
is  tied  in  a  loose  loop  around  the  cava  above  the  level  of  the  right 
adrenal.  For  certain  purposes  it  is  advantageous  not  to  tie  off  the 
intestinal  vessels,  and  by  taking  precautions  against  manipulation  of 
the  intestines  during  formation  and  release  of  the  pocket,  sufficiently 


482  G.    N.    STEWART   AND   J.    M.    ROGOFF 

smooth  blood  pressure  curves  can  be  obtained  without  interrupting 
the  circulation  in  the  digestive  tract.  It  is  to  be  supposed  that  in 
investigations  concerned  with  the  study  of  the  precursors  of  epinephrin 
or  of  the  mutual  influence  of  the  adrenals  and  other  abdominal  organs, 
it  would  be  advantageous  to  form  the  pocket  in  this  manner.  "Where 
the  eye  reactions  are  alone  being  studied  there  is  as  already  indicated 
no  necessity  for  crippling  any  part  of  the  splanchnic  area.  We  have 
studied  in  a  few  animals  the  eye  reactions  only,  in  others  only  the 
blood  pressure,  but  in  the  great  majority  both  eye  reactions  and  blood 
pressure. 

Method  of  measuring  the  rate  of  inflow  of  blood  into  the  pocket.  While 
it  is  not  necessary  to  know  the  quantity  of  blood  entering  the  pocket 
in  a  given  time  to  determine  the  amount  of  epinephrin  given  off  in 
that  time  it  is  often  desirable  to  estimate  the  concentration  of  the 
epinephrin  in  the  blood.  For  this  the  rate  of  inflow  must  be  obtained. 
This  can  be  done,  of  course,  by  allowing  blood  to  escape  from  the 
pocket  as,  for  example,  through  a  cannula  in  the  left  renal  vein,  and 
collecting  the  blood  for  a  given  time.  Where  only  one  or  two  observa- 
tions of  the  rate  of  flow  are  required  throughout  the  experiment  this 
method  sufiices.  To  facilitate  measuring  the  flow  an  indefinite  num- 
ber of  times  with  approximate  accuracy  and  without  permitting  the 
blood  to  escape  or  to  come  into  contact  with  any  foreign  body,  we  have 
devised  the  following  method:  One  of  the  iliac  veins  is  tied  near  its 
distal  end  and  the  other  near  the  cava.  Both  iliacs  are  then  divided 
distal  to  the  ligatures.  By  means  of  the  ligature  on  the  first  iliac  it  is 
suspended  vertically  while  the  greater  part  of  the  cava  segment  lies 
undisturbed.  The  iliac  vein  thus  serves  as  the  neck  of  a  measuring 
flask,  so  to  say,  the  body  of  which  is  composed  of  the  cava  segment. 
It  is  not  diflficult  to  determine  the  moment  when  the  blood  entering 
the  pocket  practically  without  resistance,  the  walls  of  the  vein  being 
scarcely  at  all  distended  so  long  as  the  vertical  portion  of  the  pocket 
is  empty,  just  reaches  the  proximal  end  of  the  iliac.  The  more  rapid 
mounting  of  the  blood  in  the  relatively  narrow  iliac  vein  is  easily  seen. 
As  the  distal  part  of  the  cava  segment  is  itself  considerably  narrower 
than  the  proximal,  a  fairly  sharp  reading  can  also  be  obtained  by  sus- 
pending the  pocket  without  using  the  iliac  vein.  If  undue  exposure 
of  the  vein  is  prevented,  a  comparison  of  the  flow  from  the  adrenals 
in  successive  observations  is  made  possible  by  comparing  the  inter- 
vals of  time  necessary  for  the  pocket  to  fill  up  to  this  point.  The  quan- 
tity of  blood  required  to  fill  the  pocket  can  be  determined  once  for  all 
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in  each  animal.     The  vertical  position  of  a  portion  of  the  pocket  helps 
to  empty  it  without  manipulation  when  the  clamp  is  removed. 


Cat  61.     Weight,  241  kg. 


TABLE  1 

Urethane.    Cava  pocket  suspended  to  estimate  time 
of  filling 


NO.  OF  OBSERVATION 

TIME 

TIME  OF  FILLING  OF 
POCKET  IN  SECONDS 

BLOOD  PBESSUBEIN  lOf. 

• 

11-12 

3.50 

18 

42 

14 

19 

38 

15 

23 

40 

16 

22 

40 

17 

20 

38 

4.30    Circula 

tion  was  now  muc 

h  worse,  the  heart 

aim 

ost  stopped. 

25 

101 

24 

26 

108 

22 

27 

125 

20 

Now  filled  the  pocket  to  the  given  level  with  Ringer's  solution.  In  four  suc- 
cessive observations  the  following  quantities  were  required  to  fill  the  pocket: 
0.4  cc,  0.35  cc,  0.4  cc,  and  0.35  cc. 

Left  adrenal  weighed  0.226  gram",  and  contained  0.20  mgm.  epinephrin. 

Right  adrenal  weighed  0.224  gram,  and  contained  0.19  mgm.  epinephrin. 


TABLE  2 


Cat  152.     Weight,  1.85  kg.     Urethane.     Pocket  suspended  as  described  in  techniqtte. 
Cannula  inserted  in  the  left  renal  vein 


NO.  OF  OBSERVATION 

TIME  OF  FILLING  OF 
POCKET  IN  SECONDS 

BLOOD  PRES8UBE  IN  MM. 

RISE  OF  BLOOD 
PRESSURE 

mm. 

4 

45 

70 

8 

5 

48 

66 

7 

6 

45  with  asphyxia 

64 

7-8 

7 

50  with  asphyxia 

56 

11 

45 

50 

12 

47 

50 

13 

55 

45 

14 

58 

45 

15 

53 

45 

Pocket  was  now  allowed  to  fill  to  the   given   level,  tied  off  and  the  blood 
determined  by  weighing.     It  amounted  to  0.580  gram. 
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Interpretation  of  the  blood  pressure  tracings.  When  eye  reactions 
are  available  they  are  of  great  use  in  confirming  the  interpretation  of 
a  given  rise  in  the  blood  pressure  curve  as  an  epinephrin  rise.  Of  course 
where  the  blood  pressure  curve  remains  practically  horizontal  during 
the  period  of  closure  of  the  pocket  a  definite  rise  in  the  curve,  commenc- 
ing at  a  time  interval  after  release  of  such  a  magnitude  as  is  known  to 
be  associated  with  epinephrin  reactions,  can  easily  be  identified  as 
an  epinephrin  rise  without  simultaneous  eye  reactions.  It  is  in  the 
more  irregular  curves  that  the  eye  reactions  are  particularly  valuable. 
As  a  rule,  it  is  found  that  when  the  blood  pressure  is  relatively  low 
the  closing  off  of  the  pocket  produces  little,  if  any,  change  in  the  height 
of  the  curve,  and  therefore  the  epinephrin  rise  subsequent  to  the  open- 
ing of  the  pocket  starts  from  a  practically  horizontal  curve  (see  figs. 
5,  6,  14).  As  already  mentioned,  even  without  eye  reactions  the  blood 
pressure  curve  then  gives  perfectly  definite  proof  of  the  liberation  of 
epinephrin,  although  with  low  blood  pressure  the  epinephrin  rise  is 
apt  to  be  smaller  for  a  given  time  of  filling  of  the  pocket  than  with  a 
high  blood  pressure,  since  the  quantity  of  blood  collected  is  less.  When 
the  blood  pressure  is  high  the  closing  off  of  the  pocket  is  usually  ac- 
companied by  a  more  or  less  gradual  drop  of  pressure,  succeeded  on 
opening  the  pocket  by  an  immediate  and  abrupt  rise.  This  initial 
rise  is  then  followed  at  the  interval  appropriate  to  the  epinephrin  re- 
action by  another  rise  (see  fig.  10).  The  difference  in  the  character 
of  the  curve  associated  purely  with  differences  in  the  initial  blood  pres- 
sure at  the  time  of  closure  of  the  pocket  are  well  illustrated  in  figures 
1  and  2.  In  observation  1,  figure  1,  with  a  blood  pressure  of  30  mm., 
the  curve  falls  very  little  during  period  of  closure  of  the  pocket  and 
remains  horizontal  after  opening.  In  this  animal  spontaneous  libera- 
tion of  epinephrin  was  not  taking  place  since  one  adrenal  had  been 
removed  and  the  splanchnic  supply  of  the  other  cut.  In  figure  2, 
observation  5,  the  initial  blood  pressure  had  been  increased  to  80  mm. 
by  clipping  off  arteries.  On  closing  the  pocket,  the  curve  falls  dis- 
tinctly. When  it  is  opened  there  is  an  instantaneous  abrupt  rise, 
succeeded  by  a  gradual  small  rise  which  brings  the  curve  back  to  the 
initial  level.  No  eye  reactions  whatever  were  elicited  on  opening  the 
pocket,  and  the  slight  gradual  rise  does  not  present  the  characteristic 
features  of  an  epinephrin  rise. 

In  the  absence  of  simultaneously  elicited  eye  reactions  the  question 
might  sometimes  be  puzzling  to  a  novice  in  such  observations,  whether 
the  epinephrin  rise  was  not  merely  a  continuation  of  the  recovery  of 
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the  original  pressure  diminished  b}-  the  closing  off  of  the  pocket.  The 
epinephrin  rise,  however,  by  its  character  and  time  relations  is,  when 
at  all  considerable,  practically  always  capable  of  being  discriminated 
with  certainty  from  other  elevations  which  might  be  present  on  the 
curve  even  when  the  blood  pressure  curve  shows  a  good  deal  of  irregu- 


FiG.  1.  Cat  81 

/,  Pocket,  showing  no  liberation  of  epinephrin  by  the  left  adrenal  whose 
splanchnic  supply  had  been  cut  five  weeks  previously,  and  the  right  adrenal 
excised.  S,  pocket  experiment  showing  the  same  thing,  but  with  a  higher  blood 
pressure,  produced  by  clipping  the  abdominal  aorta.  In  observation  1,  as 
is  generally  seen  with  low  blood  pressure,  the  curve  is  less  disturbed  by  closing 
and  releasing  the  pocket  than  with  a  high  blood  pressure.  In  all  the  figures 
the  time  trace  gives  half  minute  intervals.  The  Une  of  zero  pressure  is  the  upper 
signal  line  unless  otherwise  indicated. 


larity,  and  in  the  absence  of  eye  reactions.  It  is  self  evident  that  it 
is  not  possible  to  assay  the  amount  of  epinephrin  liberated  as  accu- 
rately with  an  irregular  pressure  curve  as  with  a  regular  one.  And  while 
extremely  slight  epinephrin  rises  can  be  surely  distinguished  when 
eye  reactions  are  also  available,  a  very  -small  rise  cannot  in  the  absence 
of  an  eye  reaction  be  taken  as  evidence  of  liberation  of  epinephrin, 
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unless  as  already  stated  the  blood  pressure  curve  remains  practically 
horizontal  during  the  period  of  closure  of  the  pocket. 

The  epinephrin  rise  is  very  often  preceded  by  a  slight  fall  of  pressure. 
When  this  is  the  case  the  pupil  reaction  commences  synchronously 


Fig.  2.    Cat  81 

Animal  prepared  by  excision  of  right  adrenal  and  section  of  nerves  of  left. 
The  tracings  illustrate  the  changes  produced  in  the  blood  pressure  curve  by  re- 
leasing the  cava  pocket  when  no  epinephrin  effect  is  present.  Such  changes 
can  be  easily  discriminated  from  the  effects  produced  by  epinephrin.  5,  pocket 
with  left  adrenal  vein  free.  Blood  pressure  was  higher  than  in  observation  S, 
figure  1,  and  the  effect  of  opening  the  pocket  is  correspondingly  greater.  7, 
pocket  with  left  adrenal  vein  clipped  at  6.  On  releasing  the  pocket  the  usual 
immediate  small  rise  in  the  blood  pressure  occurred.  It  is  less  pronounced  than 
at  5,  as  the  amount  of  blood  in  the  pocket  was  less.  Some  blood  found  its  way 
into  the  pocket  in  spite  of  the  absence  of  the  right  adrenal,  possibly  through 
leakage  past  the  lower  cava  clip.  At  8,  the  clip  was  removed  from  the  left  ad- 
renal and  no  epinephrin  rise  occurred.  The  line  of  zero  pressure  has  been  moved 
up  25  mm. 

with  the  beginning  of  the  fall  (figs.  15  to  18).  Elliott  (5)  states  that 
the  curve  of  blood  pressure  when  the  splanchnics  are  stimulated  (the 
circulation  in  the  splanchnic  area  not  having  been  interfered  with) 
shows  a  characteristic  drop  succeeding  the  immediate  rise,  "the  cusp 
of  the  curve  being  always  placed  at  the  same  time  interval  from  the 
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beginning  of  the  rise.  The  instant  of  the  turn  is  that  very  moment 
when^the  nictitating  membrane  and  the  other  structures  of  the  de- 
nervated  eye  first  move.  The  drop  is  paradoxically  due  to  the  libera- 
tion of  adrenalin  into  the  blood."  In  our  observations  with  the  cava 
pocket  the  same  characteristic  can  often  be  noted  and  it  undoubtedly 
affords  a  criterion  of  the  beginning  of  the  action  of  the  spontaneously 
liberated  epinephrin.  When  the  blood  pressure  is  low  this  preliminary 
drop  is  apt  to  be  less  marked  (figs.  3,  4  and  14)  than  with  a  high  blood 
pressure,  or  it  may  be  absent  (fig.  8).     (Compare  tables  11  and  12). 


■■■"'mmaan:;:. 


''^*^fe« 


Fig.  3.     Cat  116 

1£,  Pocket  experiment  with  stimulation  of  right  splanchnic  in  abdomen  after 
section  of  both  splanchnics.  Stimulation  begun  at  the  point  indicated  on  signal 
line  a  short  time  after  closure  of  the  pocket.  Good  rise  of  pressure  after  open- 
ing the  pocket  due  to  epinephrin.  18  and  19,  adrenalin  injections  to  assay  the 
amoimt  of  epinephrin  liberated  at  12.  18,  0.3  cc.  of  adrenalin  (1: 150,000).  19, 
0.2  cc.  of  the  same  solution.    Reduced  to  f. 


The  method,  of  course,  permits  the  demonstration  that  epinephrin 
is  liberated  and  the  assaj'  of  its  amount  not  only  when  the  epinephrin 
is  spontaneously  discharged  but  also  when  it  is  set  free  in  response  to 
artificial  stimulation  of  the  splanchnics.  In  the  latter  case  the  quan- 
tity of  epinephrin  collected  in  the  pocket  being  greater,  the  reaction 
obtained  on  release  is  also  greater,  so  that  a  much  more  striking  de- 
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monstration  of  the  liberation  of  epinephrin  by  splanchnic  stimulation 
is  obtainable  than  in  Asher's  experiments  (4)  (see  figs.  3  and  4).  A 
smaller  output  of  epinephrin  can  be  detected  and  assayed  in  this  way, 
than  when  the  splanchnics  are  stimulated  with  the  cava  open.  The 
experiment  can  also  be  made  under  more  physiological  conditions  than 
with  Asher's  technique  since,  as  already  stated,  it  is  not  absolutely 
necessary  for  the  pocket  experiments  to  tie  off  the  intestines;  and  the 
disturbance  of  blood  pressure  curve  by  the  splanchnic  stimulation  is 
allowed  to  disappear  before  the  pocket  is  opened.  Certain  other 
technical  details  may  be  mentioned  here: 

Increasing  the  eye  reaction  by  clamping  alternative  arterial  paths.  The 
sensitiveness  of  the  eye-reactions  to  injected  adrenalin  or  to  epineph- 
rin discharged  from  the  adrerals,  for  example,  in  response  to  stimu- 


^0               , ^_ 

U 1                                                  \JL                     1                          1 

I          1          1         1         1         1         I 

r-^    1     1     1     1     1     1     1     1     ii 

Fig.  4.     Cat  116 

ZO,  pocket  experime  it  with  stimulation  of  right  splanchnic  in  abdomen  after 
section  of  both  splanchnics  it ,  repetition  of  20,  but  with  a  shorter  time  of  stim- 
ulation. The  epinephrin  rise  after  20  is  considerably  greater  than  after  21. 
f  reduction. 


lation  of  the  splanchnics,  can  be  increased  notably  by  temporarily 
clamping  off  alternative  arterial  paths.  This  must  be  done  at  such 
an  interval  of  time  after  the  beginning  of  stimulation  as  is  not  more 
than  sufficient  to  allow  the  epinephrin  to  reach  the  beginning  of  the 
aorta.  A  larger  proportion  of  the  blood  containing  the  epinephrin 
is  thus  forced  to  take  the  path  to  the  eye  whose  reactions  are  being 
studied.  If,  for  instance,  the  left  iris  is  the  denervated  one,  clamping 
at  the  proper  moment  of  the  thoracic  aorta  and  the  innominate  markedly 
increases  the  reaction.  It  can  be  further  increased  by  tying  off  all 
accessible  branches  of  the  left  carotid  except  those  through  which  the 
eye  must  obtain  its  blood  supply.  The  best  demonstration  of  the  in- 
creased effect  on  the  eye  of  epinephrin  discharged  in  response  to  splan- 
chnic stimulation  is  obtained  when  the  discharge  is  caused  by  a  strong 
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stimulus  lasting  only  a  second  or  two.  All  this  refers  to  the  cat.  In 
larger  animals  with  a  longer  eirulation  time  longer  periods  of  stimula- 
tion could  be  employed.  For,  to  intercept  the  first  of  the  epinephrin, 
the  arteries  must  be  clipped  in  cats  with  a  good  circulation  three  or 
four  seconds  after  the  beginning  of  stimulation,  and  the  clipping  of 
the  thoracic  aorta,  of  course,  interferes  with  the  washing  out  of  epi- 
nephrin already  liberated  into  the  adrenal  capillaries. 

It  will  be  seen  that  except  for  the  very  small  doses  of  adrenalin  in- 
jected there  is  alwaj^s  a  better  reaction  when  alternative  paths  are 
clamped.  Although  there  can  be  no  doubt  that  the  total  quantity  of 
adrenalin  offered  to  the  sensitive  structures  influences  the  amount  of 
the.  reaction  in  an  important  degree,  it  may  be  assumed  that  the  con- 
centration is  also  important.  Accordingly,  below  a  certain  concentra- 
tion no  increase  might  be  expected  in  the  reaction  by  increasing  the 
amount  of  adrenalin-containing  blood  going  through  the  eye. 

The  quantity  of  epinephrin  which  can  reach  the  eye  when  a  reac- 
tion is  evoked  by  stimulating  a  splanchnic  nerve,  with  all  the  vessels 
free,  is  so  extraordinarily  small  that  the  suggestion  is  obvious  that  it 
might  be  possible  to  use  the  reaction  as  a  test  for  epinephrin  in  extrane- 
ous liquids  in  which  the  concentration  can  only  be  very  low.  To  do 
this  it  would  be  necessary  to  inject  as  near  the  eye  as  possible.  A  few 
experiments  were  made  on  this  point. 

Thus,  in  a  dog  weighing  13.8  kg.,  whose  left  superior  cervical  ganglion 
had  been  excised  24  days  previously,  injection  of  an  adrenalin  solu- 
tion into  the  central  end  of  the  left  superior  thyroid  artery  caused 
retraction  of  the  nictitating  membrane  in  5.6  seconds  from  beginning 
of  injection.  The  same  quantity  of  adrenalin  solution  injected  into 
the  central  end  of  a  femoral  vein  was  followed  by  retraction  of  the 
nictitating  in  12.4  seconds.  In  the  cat,  results  on  which  are  given  in 
table  4,  injection  of  1  cc.  of  a  1:150,000  solution  of  adrenalin  into  a 
femoral  vein  caused  moderate  dilation  of  the  pupil  and  retraction  of 
the  nictitating  in  11.2  seconds.  Injection  of  0.5  cc.  of  the  same  solu- 
tion by  means  of  a  syringe  into  the  central  end  of  the  left  carotid  gave 
maximal  dilatation  of  the  pupU  in  2.5  seconds.  The  heart  stopped 
completely  but  was  re-started  by  massage.  The  dilatation  of  the  left 
pupil  was  very  persistent.  Subsequent  injection  of  1  cc.  of  1 :  700,000 
adrenalin  into  the  carotid  gave  a  maximal  effect  on  the  pupil  in  1  second, 
while  the  same  amount  injected  into  the  femoral  vein  caused  move- 
ment of  the  nictitating  in  16  seconds  without  pupil  reaction,  the  pupil 
already  being  dilated  to  some  extent.     0.5  cc.  of  the  same  solution 
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TABLE  3 

Condensed  protocol  of  experimenl  on  Cat  19.     Weight  2.24  kg.     Left  superior  cervi- 
cal ganglion  exercised  8  days  before.     Urethane.     Adrenalin  injected  into 

femoral  vein 


ARTER1E8 

CLAMPED 

AFTER 

INJECTION 


PUPIL  DILATATION 
BEGINS  IN 


11.48 
11.49 

12.04 
12.05 

12.10 
12.11 
12.23 

12.26 

12.28 

12.30 

2.48 
2.50 

2.51 
2.52 

2.53 
2.55 

3.15 
3.16 

3.25 
3.26 


0.3  cc.  (1  :  4.30,000) 

0.3  cc.  (1  :  430,000),  aorta  clamped 

Repeated  with  similar  result 

0.4  cc.  (1:850,000) 

0.4  cc.  (1 :  850,000),  aorta  clamped 

Repeated  with  practicall}'  same  result 

0.2  cc.  (1:850,000) 

0.2  cc.  (1:  850,000),  aorta  clamped 

Left  splanchnic  stimulated  (9  cm.  be- 
tween coils),  4 seconds 

Left  splanchnic  stimulated  (9  cm.  be- 
tween coils),  4  seconds,  aorta  clamped 

Left  splanchnic  stimulated  (9.5  cm.  be- 
tween  coils),   4  seconds 

Left  splanchnic  stimulated  (9.5  cm.  be- 
tween coils),  4  seconds,  aorta  clamped. . 

0.5  cc.  (1:700.000) 

0.5  cc.  (1:700,000)  (right  subclav.,  right 
carotid  and  aorta  clamped) 

0.3  cc.  (1:700,000) 

0.3  cc.  (1:700,000)  (vessels  clamped  as 
at  2.50) 

0.1  cc.  (1:700,000) 

0.1  cc.  (1:700,000)  (arteries  clamped  as 
at  2.50) 

0.1  cc.  (1:1,400,000) 

0.1  cc.  (1:  1,400,000)  (arteries  clamped  as 
at  2.50) 

0.5  cc.  (1:2,900,000) 

0.5  cc.  (1:  2,900,000)  (arteries  clamped  as 
at  2.50) 


seconds 

3 


seconds 

8.4  moderate 

8  moderate  + 

10.8  slight 
8.6  moderate 

No  reaction 
No  reaction 

9.2  moderate  — 

8.2  good  + 

10  moderate  — 

9  good  4" 

8  moderate 

7.2good+ 
10.2  slight 

7.4  good  + 
No  reaction 

8.8  moderated" 
No  reaction 

No  reaction 
No  reaction 

12.6  nictitating 


Circulation  time  femoral  vein  to  carotid: 

2.0  cc.  methylene  blue  injected,  3.0  seconds 

0.5  cc.  methylene  blue  injected,  3.2  seconds 

0.5  cc.  methylene  blue  injected,  3.4  seconds 

Left  adrenal  weighed  0.211  gram  and  contained  0.38  mgm.  epinephrin. 

Right  adrenal  weighed  0.189  gram  and  contained  0.31  mgm.  epinephrin. 
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TABLE  4 

Cat  20.     Weight  S.2  kg.     Left  superior  cervical  ganglion  excised  9  days  before. 

Urethane.    Adrenalin  injected  into  femoral  vein.    Both  splanchnics  cut  in 

thorax  at  beginning  of  experiment 


ARTERIES 
CLAMPED 

AVTER 
INJECTION 


PUPII-  DILATATION 
BEGINS  IN 


1.34 

1.35 
1..39 
1.40 


3.00 
3.01 
3.40 
3.41 


4.20 
4.22 

4.25 


4.35 
4.55 
4.56 

4.58 


5.00 
5.07 
5.08 
5.20 
5.21 


1.0  cc.  (1 :  1,400,000) 

1.0  cc.  (1:  1,400,000),  aorta  clamped 

0.2  cc.  (1:700,000) 

0.2  cc.  (1:  700,000),  aorta  clamped 

Repeated  last  two  observations,  same  re- 
sult. 

0.4cc.  (1:300,000) 

0.4  cc.  (1 :  300,000),  aorta  clamped 

0.3  cc.  (1:300,000) 

0.3  cc.  (1:  300,000),  aorta  clamped 

Repeated  above  observations  with  same 
results. 

0.1  cc.  (1:  140,000) 

0.1  cc.  (1:  140,000),  right  subclav.,  right 
carotid  and  aorta  clamped 

Arteries  clamped  as  at  4.22  but  no  injec- 
tion. 

Repeated  observations  of  4.20  and  4.22, 
same  results. 

Tied  accessible  branches  of  left  carotid 

0.1  cc.  (1:  140,000) 

0.1  cc.  (1:  140,000),  all  arteries  clamped 
as  at  4.22 

0.05  cc.  (1: 140,000),  arteries  clamped  as 
at  4.22 

0.05  cc.  (1 :  140,000) 

0.2  cc.  (1 :  140,000) 

0.2  cc.  (1:  140,000),  all  arteries  clamped 

0.3  cc.  (1:140,000) 

0.3  cc.  (1:  140,000),  all  arteries  clamped 


seconds 

3 
3 

3 
3.5 


3 
3.5 

3.5 
3.5 


seconds 

No  reaction 
No  reaction 
9  slight 
9.2  better 


10  moderate 
9  much  better 
No  reaction 
9  fairly  good 


15  slight 

14.2  very  good 
No  eflfect 


No  reaction 

12.2  good 

15.2    small    re 

tion 
No  reaction 
12  moderate 
10.8  good 
10.2  good 
9.2  very  good 


Left  adrenal  weighed  0.169  gram  and  contained  0.22  mgm.  epinephrin. 
Right  adrenal  weighed  0.182  gram  and  contained  0.22  mgm.  epinephrin. 


gave  good  pupil  and  nictitating  reactions  in  3.2  seconds  when  injected 
into  the  carotid.  0.5  cc.  of  a  1:  1,400,000  solution  injected  into  the 
carotid,  and  even  0.25  cc.  of  the  same  solution,  gave  fair  eye  reactions. 
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The  same  was  true  when  0.3  cc.  of  a  1:  3,000,000  solution  of  adrenalin 
was  injected  into  the  carotid.  At  this  time  1  cc.  of  a  1:  700,000  solu- 
tion introduced  into  the  femoral  vein  had  no  effect  on  the  eye. 

Of  course,  when  injection  is  made  into  the  carotid  with  a  syringe 
the  injection  pressure  is  much  more  variable  than  when  a  burette, 
raised  to  a  sufficient  height,  is  employed.  This  accounts  for  the  greater 
variability  in  the  time  intervals  of  the  eye  reaction  in  the  experiment 
just  quoted  than  in  that  given  in  table  5. 

TABLE  5 
Injection  of  adrenalin  into  the  carotid  artery  of  a  cat,  by  means  of  a  burette 


0.4cc.  (1:700,000) 

0.2  cc.  (1:700,000) 

0.3  cc.  (1:700,000) 

0.1  cc.  (1:700,000) 

0.5  cc.  (1:  700,000),  into  femoral  vein... . 


PUPIL  DILATATION  BEQINS  IN 


seconds 

4.8  good+,  also  nictitating. 
3.2  good  +  ,  also  nictitating. 
4.8  good  — ,  nictitating. 
No  reaction 
8.8  moderate  — 


Epinephrin  assay.  For  assaying  the  amount  of  epinephrin  given 
oflf  the  blood  pressure  curve  is,  of  course,  better  than  the  pupil  dilata- 
tion. Still  by  determining  the  amount  of  adrenalin  just  needed  to 
produce  a  given  dilatation  of  the  pupil,  very  fair  results  can  be  obtained 
with  the  pupil  reaction  also.  To  assay  the  epinephrin  in  the  blood 
at  a  given  period  of  an  experiment  it  is  necessary  to  make  adrenalin 
injections  while  the  conditions  are  still  unchanged.  The  results  of 
injections  of  adrenalin  made  early  in  an  experiment  cannot  in  general 
be  used  to  estimate  the  epinephrin  given  off  towards  the  end  of  the 
experiment,  since,  among  other  things,  the  blood  pressure  is  usually 
higher  in  the  earher  part  of  the  experiment.  It  is  scarcely  necessary 
to  add  that  we  always  assayed  the  adrenalin  used.  For  this,  and 
also  for  the  assay  of  the  adrenals,  we  employed  the  method  of  Folin, 
Cannon,  and  Dennis,  (10)  which  we  compared  with  the  blood  pressure 
method  and  found  to  correspond  very  closely. 

The  adrenalin  solution  was  injected  into  the  femoral  vein  when  the 
cava  pocket  was  only  temporarily  clamped  off,  into  the  external  jugular 
when  the  cava  pocket  was  permanent.  It  was  determined  by  sepa- 
rate observations  that  the  time  interval  after  which  the  eye  reactions 
appeared  and  their  amount  were  sensibly  the  same  whether  a  given 
quantity  of  adrenalin  was  injected  through  a  cannula  into  the  cen- 
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tral  end  of  a  femoral  vein  or  through  a  catheter  passed  up  through  the 
femoral  vein  to  the  level  of  the  adrenals.  At  least,  this  was  found  to 
be  the  case  when  the  Uquid  ran  in  through  the  catheter  at  the  same 
rate  as  through  the  femoral  vein.  When  the  orifice  of  the  catheter 
was  in  such  a  position  that  the  solution  entered  only  slowly,  the  time 
interval  of  the  eye  reactions  was,  as  might  be  expected,  greater  than 
with  direct  injection  into  the  femoral  vein.  It  was  concluded  that 
there  was  no  advantage  in  point  of  accuracy  in  injecting  by  the  catheter 
rather  than  into  a  vein.     These  observations  are  illustrated  in  table  6. 


T.\BLE  6 
From  an  experiment  on  a  14  kg.  dog,  narcotized  with  urethane  and  ether 


2  cc.  (1 :  35,000),  cannula 

2  cc.  (1 :  35,000),  catheter 

2  cc.  (1 :  35,000),  cannula 

2  cc.  (1 :  35,000),  cannula .- — 

3  cc.  (1 :  35,000),  catheter 

3  cc.  (1 :  35,000),  cannula 

4  cc.  (1 :  35,000),  catheter  (ran  in  slowly) 

4  cc.  (1 :  35,000),  cannula 

4  cc.  (1 :  35,000),  catheter  (ran  in  slowly) 

4  cc.  (1 :  35,000),  cannula 

4  cc.  (1:  35,000),  catheter  (ran  in  freely  as  in  vein  injection). 


ETE  BEACTION8 


seconds 

12.8 
14.0 
11.4 
14.2 
11.2 
11.0 
15.0 
11.4 
15.0 
13.0 
13.0 


In  one  or  two  experiments  we  injected  the  adrenalin  solution  into 
the  cava  pocket  through  the  left  renal  vein  and  then  released  the  pocket 
(fig.  12). 


THE    SPONTANEOUS    LIBERATION  OF  EPINEPHRIN 

For  convenience,  as  already  stated,  we  speak  of  the  epinephrin 
which  is  continuously  given  off  under  experimental  conditions 
without  artificial  stimulation  of  the  splanchnic  nerves,  as  spon- 
taneously liberated.  In  practically  all  the  cats  (nearly  40) 
used  by  us  for  these  observations  we  obtained  evidence  of  the 
presence  of  epinephrin  in  the  cava  pocket  blood.  We  are  not, 
however,  able  to  decide  definitely  whether  this  liberation  is  a 
normal  physiological  process  merely  unveiled  by  tho  experiments 
or  an  abnormal  process  dependent  on  the  necessary  conditions 
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of  the  observations  (anesthesia,  unavoidable  excitation  of  af- 
ferent nerves,  etc.  (2).  The  fact  that  the  amount  given  off  per 
unit  of  time  in  cats  seems  to  vary  within  rather  narrow  hmits 
even  where  the  experimental  conditions,  particularly  the  kind 
and  degree  of  anesthesia,  vary  considerably,  might  perhaps 
be  interpreted  as  in  favor  of  the  first  hypothesis.     The  increase 


Fig.  5.     Cat  57 

6  to  7,  Pocket  experiment  with  epinephrin  rise  after  release.  Blood  pressure 
is  low,  curve  therefore  smooth  and  even  a  small  rise  of  pressure  is  capable  of 
identification  as  an  epinephrin  rise.  The  preliminary  drop  in  pressure  is  absent 
as  is  usually  the  case  with  low  blood  pressure.     J  reduction. 


Fig.  6.    Cat  57 

8  to  9,  Pocket.  Epinephrin  rise  on  release  is  greater  than  that  in  observa- 
tions 6  to  7,  fig.  5,  as  the  duration  of  pocket  S  to  5  was  greater,  and  therefore 
more  spontaneously  liberated  epinephrin  was  collected.     fV  reduction. 

in  the  epinephrin  effect  upon  the  blood  pressure  on  release  of 
the  pocket  with  increase  in  the  time  for  which  blood  is  collected 
in  it  is  well  shown  in  figures  5  and  6.  The  liberation  is  strictly 
associated  with  the  integrity  of  the  splanchnic  nerve  supply 
of  the  adrenals.  At  any  rate,  a  discharge  which  has  been  per- 
fectly capable  of  detection  and  even  of  assay  with  the  nerves 
intact,  falls  at  once  below  the  threshold  of  detection  by  our 
methods  as  soon  as  the  nerves  have  been  divided.     It  is  difficult 
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to  believe  that  a  process  governed  so  definitely  by  a  nervous 
mechanism  has  no  physiological  function,  ^\^lethe^  some  dis- 
charge still  goes  on  after  section  of  the  splanchnic  supply,  could 
of  course  only  be  decided  if  more  dehcate  methods  were  avail- 
able. As  already  pointed  out,  positive  conclusions  based  on 
the  vasoconstrictor  action  of  plasmas  or  blood  perfused  through 
frogs'  legs  cannot  be  allowed  any  weight  where  the  quantity 
of  epinephrin  which  can  possibly  be  present  is  so  small. 

The  results  having  been  so  consistent  it  is  not  necessary  to 
multiply  prococols.  Figures  5  and  6  show  that  even  where  the 
rise  of  blood  pressure  is  relatively  small  it  may  be  perfectly 
definite.  The  tracings  were  taken  in  immediate  succession 
from  the  same  cat,  but  in  figure  6  the  period  of  closm-e  of  the 
pocket  was  approximately  twice  as  long  as  in  figure  5.  It 
will  be  seen  that  the  rise  of  pressure  in  figure  6  is  also  approxi- 
mately twice  as  great.  A  condensed  record  of  another  experi- 
ment follows  in  table  7.  Portions  of  the  tracings  of  this  experi- 
ment are  given  in  figure  7. 

The  protocol  of  this  experiment  has  been  selected  for  repro- 
duction because  the  animal  had  been  so  prepared  that  only  one 
adrenal  (the  left)  could  liberate  epinephrin,  the  splanchnic 
supply  of  the  right  having  been  previously  cut.  The  perfectly 
clear  demonstration  of  the  hberation  of  epinephrin  by  the  left 
adrenal  when  its  vein  was  open  to  the  pocket  and  the  complete 
absence  of  the  reactions  when  the  left  adrenal  vein  was  cUpped 
and  only  the  right  discharged  into  the  pocket,  are  striking. 
As  t\sdce  as  much  epinephrin  would  be  given  off  by  the  two 
glands,  it  is  clear  that  it  cannot  be  a  matter  of  difficulty  when 
both  are  discharging,  to  demonstrate  the  epinephrin  reactions. 
The  experiment  will  be  referred  to  in  another  connection  in 
the  discussion  of  the  question  whether  after  section  of  the  nerve 
supply  the  adrenal  ever  regains  the  power  to  liberate  epinephrin. 
Figures  8  and  14  further  illustrate  the  fact  that  after  section 
of  the  splanchnic  supply  of  the  adrenals  the  reactions  due  to 
the  liberation  of  epinephrin,  which  were  previously  present, 
disappear  entirely. 
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TABLE  7 

Condensed  protocel  of  experiment  on  cat  137;  weight  2.71  kg.  Al  nerve  c  •ming 
to  right  semilunar  ganglion  cut  11  days  previously.  Also  the  left  superior  cervi- 
cal ganglion  excised.  Urethane,  4  grams  by  stoma-ih  tube.  Permanent  cava  pocket 
vnth  ligation  of  coeliac  mesenteric  and  renal  arteries  and  abdominal  aorta.  Both 
vagi  cut.  Cannula  in  carotid  for  blood  pressure.  Cannula  in  external  jugular 
for  ( drenalin  injection 


NO.  OF 
OBSERVA- 
TION 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
15 

18 


19 

20 

21 
22 
23 
24 


Pocket  experiment 

Clipped  lef    adrenal  vei   

Pocket  experiment 

Adrenal  vein  released 

Pocket  experiment 

Left  adrenal  vein  clipped 

Pocket  experiment 

Adrenal  vein  released 

Pocket  experiment 

Ether  given 

Pocket  experiment  during  ether- 
ization  

Ether  stopped 

Pocket  experiment 

Pocket  experiment 

0.3  cc.  adrenalin  (1  125,000)  in- 
jected  

0.3  cc.  adrenalin  (1 :  250,000)  in- 
ected 

0.2  cc.  adrenalin  (1 :  250,000)  in- 
jected  

Pocket  experiment 

Clipped  left  adrenal  vein 

Pocket  experiment 

Adrenal  vein  released 


m     I 

'.aft 

n  M  I 


47 
45 
67 
60 
105 

105 

105 
105 


105 
130 


PUPIL  DILATATION  IN 
SECONDS 


6.8 

No 

Good  11.2 
Good    6.2 

No 

Good  9.8 
Very  good  6.2 


Fair  9 

Very  good  9 
Very  good  7.2 


Good  10 

No 

Small      reaction 

20 


BLOOD 
PRES- 
SURE 


No 
6 
9 

No 

7 


13 
10 

18 

12 


8t 


No 

7 


INITIAL 
BLOOD 
PRES- 
SURE 


mm. 
140 


140 
145 


124 

80 
96 

88 

fO 

82 


Left  adrenal  weighed  0.260  gram  and  contained  0.18  mgm.  epinephrin. 

Right  adrenal  weighed  0.286  gram  and  contained  0.25  mgm.  epinephrin. 

*  The  blood  pressure  curve  was  spontaneously  rising  after  the  drop  of  pres- 
sure due  to  the\  ether  so  that  although  an  epinephrin  rise  was  indicated  upon 
the  curve  its  amount  could  not  be  measured. 

t  The  assay  of  the  epinephrin  liberated  in  observation  21  works  out  at  0.00015 
mgm.  per  minute  per  kg.  of  animal  for  one  adrenal.  Earlier  in  the  experiment 
as  large  a  rise  of  pressure  was  obtained  with  a  considerably  shorter  duration  of 
the  pocket  so  that  it  is  probable  that  when  the  circulation  in  the  animal  was 
better  the  liberation  of  epinephrin  per  minute  was  greater  than  this. 
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Fig.  8.     Cat  117 

4  to  6,  pocket  experiment  with  stimulation  of  both  S5Tnpathetics  in  the  thorax 
above  the  diaphragm.  Stimulation  begun  at  5;  stopped  at  6.  Pocket  opened 
at  6.  IS,  pocket  experiment  after  division  of  major  splanchnics  in  abdomen 
and  sympathetics  in  thorax.  No  epinephrin  effect  now  seen  on  the  blood  pres- 
sure curve  after  opening  the  pocket.  14  to  17,  pocket  experiment  with  stimu- 
lation of  sympathetics  in  thorax  after  division  of  major  splanchnics  in  abdo- 
men. Stimulation  began  at  15,  stopped  at  16.  No  evidence  of  liberation  of 
epinephrin.     I  reduction. 


^^dil^V* 

_^^,:U^'^'^^*^ 

//         /z 

1             1 

1        1        1        1 

0 

III              1               !              '              1              ' 

Fig.  9.     Cat  57 

10,  0.25  cc.  adrenalin  (1:80,000)  injected.  The  heart  had  almost  stopped 
but  began  to  beat  well  again  after  the  adrenalin  injection.  At  11  to  12,  when  the 
heart  had  again  almost  stopped  and  the  blood  pressure  had  fallen,  a  pocket  ex- 
periment was  made.  2^  minutes  of  the  pocket  period  between  11  and  12  not  re- 
produced to  save  space.  After  release  of  the  pocket  at  12,  the  heart  was  stimu- 
lated precisely  as  by  the  adrenalin  and  the  blood  pressure  rose.  Line  of  zero 
pressure  is  horizontal  line  nearest  tracing.     5%  reduction. 


LIBERATION   OF   EPINEPHRIN   FROM   THE   ADRENALS         499 

Figure  9  is  reproduced  because  it  shows  in  an  interesting  way 
the  absolute  similarity  of  the  action  of  injected  adrenaUn  and 
spontaneously  liberated  epinephrin.  At  this  stage  in  the  ex- 
periment (cat  57)  the  blood  pressure  had  fallen  to  an  extremely 
low  point  and  the  heart  was  almost  stopped.  The  injection 
of  0.003  mgm.  of  adrenalin  at  observ^ation  10  caused  a  marked 
recovery  of  the  heart  and  a  rise  of  blood  pressure.  In  the  next 
observation  the  pocket  was  closed  for  2^  minutes  between 
11  and  12.  On  release  of  the  pocket  the  heart,  which  in  the 
interval  between  10  and  11  had  again  almost  stopped,  began 
to  beat  well,  and  the  blood  pressure  rose  just  as  after  the  adre- 
nalin injection. 

Quantitative  results.  The  quantities  of  epinephrin  spon- 
taneously Uberated,  as  estimated  by  the  injection  of  adrenaUn 
in  a  number  of  experiments,  are  given  in  table  8.  In  different 
experiments  the  amount  per  minute  per  kilo  of  animal,  varied 
from  0.0003  to  0.001  mgm.  with  both  adrenals  discharging. 
As  it  is  not  certain  that  the  rate  of  discharge  has  any  simple 
relation  to  the  body  weight,  the  total  amount  Uberated  per  min- 
ute is  also  given.  It  varied  from  0.0008  to  0.0028  mgm.  In 
one  experiment  the  discharge  from  a  single  adrenal  was  0.0005 
mgm.  per  minute  or  0.00015  mgm.  per  kilo  of  body  weight  per 
minute.  O'Connor  by  the  frog  perfusion  method  obtained  in 
rabbits  results  ranging  from  0.00014  to  0.0007  mgm.  per  minute 
per  animal. 

The  effect  of  section  of  the  splanchnics  is  not  due  to  the  fall  of 
blood  pressure.  As  in  animals  in  which  the  circulation  through 
the  intestines  has  not  been  interrupted  section  of  the  splanchnic 
causes  a  decided  drop  in  blood  pressure,  it  might  be  asked  whether 
it  is  not  the  interference  with  the  blood  flow  through  the  adrenals 
consequent  on  this  faU  of  pressure  which  is  responsible  for  the 
inability  to  Uberate  epinephrin.  Although  in  experiments  in 
which  the  abdominal  aorta,  the  mesenteric  and  the  coeUac 
arteries  have  been  tied,  section  of  the  splanchnics  does  not  cause 
any  considerable  faU  of  pressure,  while  still  abolishing  the  liber- 
ation of  epinephrin,  the  objection  was  fuUy  taken  account  of 
in  a  number  of  experiments  in  which  only  the  right  sympathetic 
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TABLE  8 


h 

n 
0 

a  > 
o  « 

6 

s 

o 

w 
O 
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B 

"*  ?,  Q 

OH,© 

if 

-  « 

z 
5 
a 

z 
S  . 

H  O 

In 

Z 
S 
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a 
< 

O 

a  ^ 

S 
'/^  S 

K  m 
K  a 

a   . 
a 

P3 

a 

K 

a 
■< 

"z 

■«!  < 

^2 

57 

11-12 

1.83 

180 

12 

0.003 

0.001 

0.0006 

0.308 

0.25  cc. 
1 :  75,000 

1 : 1,000,000 

69 

9 

2.36 

90 

90 

0.0017 

0.0011 

0.0003 

0.306 

more 
than 
0.25  cc. 
1:150,000 

1:1,800,000 

81 

27 

2.65 

Massage 
120 

52 

0.0016 

0.0008 

0.0003* 

0.2  cc. 
1 :  125,000 

93 

22-25 

3.275 

105 
with 
asphy- 
xia 

140 

0.0048 

0.0028 

0.0008 

1.32 

0.6cc. 
1 :  125,000 

1:3,000,000 

26 

105 

130 

0.0048 

0.0028 

0.0008 

0.6  cc. 
1 :  125,000 

l:3,0CO,00O 

114 

17 

2.435 

120 

120 

0.004 

0.002 

0.0008 

1.255 

0.5  cc. 
1 :  125,000 

1:3,100,000 

18-21 

120 

with 

brachia 

stim. 

120 

0.004+ 

0.002+ 

0.00085 

More 
than 
0.5  cc. 
1 :  125,000 

22 

120 

120 

0.004 

0.002 

0.0008 

0.5  cc. 
1 :  125,000 

23-26 

120 
with 
asphy- 
xia 

118 

0.004+ 

0.002+ 

0.00085 

More 
than 
0.5  cc. 
1:125,000 

29-32 

120 

with 
asphy- 
xia 

120 

0.0045 

0.0022 

0.0009 

More 
than 
0.5  cc. 
1 :  125,000 

1:2,700,000 

34 

120 

116 

0.005 

0.0025 

0.001 

Less 
than 
0.65  cc. 
1 :  125,000 

35-38 

120 
with 
asphy- 
xia 

114 

0.005 

0.0025 

0.001 

Less 
than 
0.65  cc. 
1 :  125,000 

*  One  adrenal  only. 
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TABLE  8— Continued 
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M 
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z 

2z 

hS 

gg 

C  0 

116 

2 

2.76 

90 

52 

0.0033 

0.0022 

0.0008 

1.01 

0.5  cc. 
1:125,000 

1:3,000,000 

12 

90    with 
stim.  of 
rt. 
splanoh- 

50 

0.0021 

0.0014 

0.0005 

t 

0.3  cc. 
1:125,000 

1:5,000,000 

* 

mc 

13 

90  with 
stim. 
of    rt. 
splanch- 
nic 

50 

0.0021 

0.0014 

0.0005 

t 

0.3  cc. 
1:125,000 

1:5,000,000 

137 

21 

2.71 

105 

140 

0.0008 

0.0005- 

0.00015* 

0.2  cc. 
1:250,000 

t  This  represents  secretion  from  the  right  adrenal  alone  during  stimulation  of 
right  splanchnic.  Before  observations  12  and  13  both  major  splanchnics  were  divided, 
*One  adrenal  only. 


including  the  major  splanchnic  was  divided  in  thorax.  In 
some  of  these  experiments  section  of  the  right  splanchnic  was 
made  at  the  time  when  the  pocket  observations  were  being  carried 
out.  In  others  the  connections  of  the  right  semilunar  ganghon 
including  the  major  splanchnics  were  severed  beforehand  and 
the  animal  allowed  to  recover.  "VNTien  the  left  adrenal  vein  was 
chpped  the  blood  collected  in  the  cava  pocket  gave  no  evidence 
of  epinephrin.  Removal  of  the  cUp  after  the  opening  of  the 
pocket  is  usually  followed  bj^  epinephrin  reactions.  The  rise 
of  blood  pressure  following  removal  of  the  cUp  from  the  left 
adrenal  vein,  although  it  maj''  sometimes  be  as  great  as  with 
an  ordinary  pocket  experiment  made  only  a  little  time  before 
or  after,  is  more  gradual  and  the  pupil  reaction  comes  after  a 
somewhat  longer  time  interval.  (See  for  example  table  7,  ob- 
servation 21,  as  compared  witTi  observations  22  to  24,  and  figure 
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7.)  The  simplest  interpretation  of  this  is  that  the  epinephrin 
accumulated  during  occlusion  of  the  adrenal  vein,  instead  of 
passing  at  once  along  the  cava  as  the  epinephrin-containing 
blood  collected  in  the  pocket  does,  must  be  more  gradually 
washed  out  of  the  adrenal  vessels.  This  interpretation  is  cor- 
roborated by  the  observation  that  when  the  adrenal  vein  is 
clipped  and  a  cava  pocket  formed  before  the  clip  is  removed, 
so  that  the  accumulated  epinephrin-containing  blood  in  the 
adrenal  now  escapes  into  the  pocket,  the  rise  of  blood  pressure 
and  eye  reactions  elicited  on  releasing  the  pocket  occur  at  the 
same  time  interval,  and  have  the  same  character  as  when  the 
blood  is  collected  in  the  pocket  with  the  adrenal  vein  free. 

The  magnitude  of  the  epinephrin  effects  obtained  by  releas- 
ing the  adrenal  vein  after  a  period  of  occlusion  is  usually  less 
than  when  the  adrenal  vein  blood  is  collected  in  the  cava  pocket 
for  the  same  length  of  time.  This  is  to  be  expected.  It  is, 
indeed,  surprising  that  the  relatively  small  amount  of  blood 
which  can  be  pent  up  in  the  adrenal  should  sometimes  contain 
as  much  or  nearly  as  much  epinephrin  as  the  much  larger  quan- 
tity of  adrenal  blood  which  is  collected  in  the  same  time  when 
the  vein  is  discharging  freely  into  the  pocket.  An  average 
cava  pocket  in  a  cat  will  contain  about  1  gram  of  blood,  or  more 
than  double  the  combined  weight  of  the  two  adrenals,  so  that 
the  amount  of  blood  in  an  adrenal,  even  when  passively  con- 
gested by  clipping  its  vein,  can  only  be  a  small  fraction  of  the 
amount  which  it  discharges  into  the  pocket  with  the  vein  free. 
The  concentration  of  epinephrin  must  be  much  greater  in  the 
blood  behind  the  adrenal  vein  clip  than  in  the  blood  when  col- 
lected in  the  pocket.  In  other  words,  the  amount  of  epinephrin 
liberated  is  not  proportional  to  the  quantity  of  blood  flowing 
through  the  gland  but  depends  also  on  the  time.  If  epinephrin 
is  liberated  steadily  at  a  fairly  constant  rate  the  concentration 
in  the  adrenal  vein  blood  must  vary  inversely  with  the  rate  of 
flow. 

Table  9  illustrates  the  results  obtained  in  one  of  the  acute 
experiments  in  which  the  right  sympathetic  was  divided  in 
the  thorax  a  little  above  the  diaphragm.     Portions  of  the  trac- 
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TABLE  9 


Condensed  protocol  of  experiment  on  cat  S7.  Weight,  2.45  kg.  Left  superior  cervical 
ganglion  excised  10  days  before.  Temporary  cava  pocket  method  used  as  de- 
scribed under  technique. 
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Pocket  experiment 

110 
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11.40 
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clipped 

90 

Very  good  12.8 

13 
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100 
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Pocket  with  left  adre- 

nal vein  clipped 
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80 

7 

Removal     of     adrenal 
vein  clip 

6 

64 

11.50 

Thorax    opened.    Cut 
right       s\Tnpathetic 
above  diaphragm 

11.55 

Clamped       abdominal 

12.00 

aorta 

11 

Pocket    experiment 

with  left  adrenal  vein 

clipped 

90 

No 

No 

48 
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44 

14 

12.05 

Pocket  experiment 

75 

Very  good  22.6 
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Pocket    experiment 
with      left      adrenal 
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stimulation  of  right 
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utes (5  sees,  on  and  5 

sees,  ofif) 
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Very  good  32 
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Pocket    experiment 

with      left      adrenal 

vein  clipped 
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No 

18 
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TABLE  9— Continued 
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in 
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19 
35 

38 

12.45 
2.15 

2.20 
2.40 

Pocket  experiment 

Left   symphatetic  di- 
vided in  thorax  above 
diaphragm 

Pocket    experiment 
with   stimulation   of 
right    and    occasion- 
ally left  sjTnpathet- 
ics  for  3  min.,  (5  sees, 
on,  5  sees,  off) 

Pocket    experiment 
with  massage  of  both 
adrenals 

90 

180 
120 

Good  20.2 

13 

14 
18 

15 

26 
45 

58 

34 

?9 

Left  adrenal  weighed  0.197  gram  and  contained  0.14  mg.  epinephrin. 
Right  adrenal  weighed  0.201  gm.  and  contained  0.16  mg.  epinephrin. 


ings  from  this  experiment  are  reproduced  in  figures  10,  11  and  12. 
Results  in  animals  in  which  the  splanchnic  supply  of  the  right 
adrenal  was  divided  in  advance  of  the  acute  experiment  have 
already  been  quoted  in  table  7  (fig.  7).  They  show  clearly 
that  the  right  adrenal  no  longer  discharges  a  detectable  amount 
of  epinephrin.  For  when  the  left  adrenal  vein  is  chpped,  blood 
collected  in  the  cava  pocket  produces  no  reaction  (fig.  10), 
whereas  with  the  left  adrenal  vein  free  a  good  reaction  is  ob- 
tained. When  the  nerve  supply  of  both  adrenals  has  been  cut, 
pocket  experiments  are  negative,  although  epinephrin  in  good 
amount  is  liberated  by  stimulation  of  the  splanchnics  (fig.  11) 
and  by  massage  of  the  glands  (fig.  12) 

Does  the  denervated  adrenal  eventually  regain  the  power  of  liber- 
ating epinephrinf  It  is  known  that  cats  survive  indefinitely 
when  one  adrenal  is  removed  and  the  splanchnic  supply  of  the 
other  cut.  If  epinephrin  has  a  physiological  function,  or  at  any 
rate  an  indispensable  one,  it  must  be  supposed  that  eventually, 
even  in  the  absence  of  innervation,  it  will  be  given  off  from  the 
denervated  glands.     Elliott  (5)  speaks  of  this  as  something  self- 
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evident.  ''Ultimately,"  he  says,  "the  glands  must  be  capable 
of  automatic  excretion,  for  the  decentraUzed  gland  suffices 
to  keep  the  animal  alive."  On  testing  the  question,  however, 
we  find  no  evidence  that  epinephrin  in  detectable  amount  is 
Uberated  from  the  adrenals  of  cats  even  a  considerable  time  after 
the  innervation  has  been  destroyed. 


Fig.  11.     Cat  37 

S3,  Pocket  experiment,  after  section  of  both  sympathetics  in  the  thorax  above 
the  diaphragm.  No  epinephrin  effect  on  release,  the  curve  rising  gradually 
to  the  original  level  and  then  becoming  horizontal  just  after  the  end  of  the  por- 
tion of  the  curve  we  reproduce.  34,  elevation  of  blood  pressure  curve  due  to 
spontaneous  movement  of  the  animal.  35,  pocket  experiment,  with  stimulation 
of  right  sympathetic  trunk  in  thorax.  The  pocket  was  closed  for  three  minutes, 
only  the  last  twenty  seconds  of  which  are  shown  on  the  tracing.  The  tracing 
shows  that  the  right  adrenal  although  liberating  no  detectable  epinephrin  spon- 
taneously after  section  of  its  nerves  is  capable  of  liberating  a  considerable  amount 
when  these  nerves  are  stimulated.     Reduced  to  f. 


The  right  adrenal  was  removed  from  a  cat  (no.  81)  and  the 
fibers  coming  to  the  left  semilunar  ganglion  divided.  The 
left  superior  cervical  ganglion  had  been  excised  ten  days  pre- 
viously. Five  weeks  after  removal  of  the  adrenal,  pocket  ex- 
periments were  made,  with  an  absolutely  negative  result  as 
regards  epinephrin  reactions  on  the  blood  pressure  or  the  eye 
(fig.  1).  Stimulation  in  the  course  of  the  major  splanchnic  in 
the  abdomen  on  the  left  side  was  also  negative.     The  gland. 
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however,  contained  plenty  of  epinephrin  capable  of  being  dis- 
charged into  its  blood  vessels,  as  was  shown  by  massage  obser- 
vations (fig.  13).  For  example,  in  observation  27,  massage  was 
practiced  for  two  minutes  with  the  cava  pocket  closed.  The 
rise  of  blood  pressm-e,  accompanied  by  very  good  eye  reaction 
8  seconds  after  release  of  the  pocket,  corresponded  to  a  hbera- 
tion  of  0.0016  mgm.  of  epinephrin  (see  table  8). 


Fig.  12.     Cat  37 

57,  injection  into  cava  pocket  of  0.5  cc.  of  1 :  40,000  adrenalin.  Pocket  re- 
leased in  the  usual  way  in  order  to  compare  the  effect  of  the  adrenalin  with 
the  effect  of  the  epinephrin  liberated  in  pocket  experiment  38  by  massage  of  the 
adrenal.  The  jKJcket  was  closed  and  massage  kept  up  for  two  minutes,  only 
the  last  twenty  seconds  of  which  are  shown  on  the  tracing.  The  splanchnic 
supply  of  both  adrenals  had  previously  been  cut.    Reduced  to  f . 


We  have  shown  the  same  thing  in  a  different  way  by  di\dding 
the  nerve  supply  of  the  right  adrenal,  and  then,  after  the  ani- 
mal has  recovered,  making  pocket  experiments  with  the  left 
adrenal  vein  alternately  free  and  cHpped.  When  the  left  vein 
is  allowed  to  discharge  into  the  pocket  distinct  evidence  is  ob- 
tained of  the  presence  of  epinephrin  in  the  blood  released,  after 
the  clamp  is  removed  from  the  pocket.     But  when  the  left 
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adrenal  vein  has  been  previously  clipped,  the  blood  collected 
in  the  pocket  from  the  right  adrenal  produces  not  the  sUghtest 
epinephrin  effect  either  on  the  blood  pressure  or  on  the  eye. 
This  is  not  due  to  the  smaller  amount  of  blood  collected  in  a 
given  time.  For  the  negative  result  is  in  no  wise  altered  if 
the  period  of  collection  i^  lengthened.  Also,  on  now  sectioning 
the  splanchnic  supply  of  the  left  adrenal,  although  the  pocket 
fills  as  rapidly  as  before  with  both  adrenal  veins  free,  there  are 
no  epinephrin  reactions  (see  tab  e  7,  fig. 7  (cat  137,  observations 


Fig.  13.     Cat  81 

Showing  the  effect  of  massage  in  liberating  epinephrin  from  the  left  ad-enal 
whose  nerves  had  been  cut  5  weeks  before.  27,  cava  pocket  with  massage,  the 
left  adrenal  vein  being  open  to  the  pocket.  Ipt  to  ^9,  pocket  with  massage,  the 
left  adrenal  vein  having  been  closed  at  45  and  opened  at  48,  after  closure  of  the 
pocket.    Massage  begun  at  45-A,  stopped  at  46.    Reduced  to  f . 

5  to  8  and  21  to  24)  ).  Of  course,  all  that  can  be  deduced  from 
these  negative  results  is  that  if  any  epinephrin  is  spontaneously 
liberated  from  the  denervated  glands,  its  amount  is  too  small 
for  detection.  It  was  shown  that  epinephrin  could  be  discharged 
from  the  glands  under  massage  in  pocket  experiments. 

Evidence  has  already  been  brought  forward  that  considerable 
amounts  of  epinephrin  can  be  hberated  into  the  adrenal  vessels 
when  the  outflow  of  blood  from  the  gland  is  prevented.  This 
is  the  case  both  for  the  spontaneous  liberation  of  epinephrin 
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and  for  its  liberation  by  splanchnic  stimulation.  In  some  of 
the  massage  experiments  an  attempt  was  made  to  test  the  fur- 
ther question  whether  the  epinephrin  once  Uberated  into  the 
adrenal  vessels  can  Ue  there  for  some  time  without  losing  its 
effect.  Massage  was  practiced  in  observations  on  cat  81  with 
the  left  adrenal  vein  cUpped.  An  interval  was  then  allowed  to 
elapse  after  closure  of  the  cava  pocket  before  the  adrenal  vein 
was  freed.  On  opening  the  pocket  good  epinephrin  reactions 
were  obtained  (see  fig.  13  (cat  81,  observ^ations  45  to  49)  )  asso- 
ciated with  a  very  good  pupil  reaction  in  9.8  seconds.  In  another 
experiment  on  the  same  animal  the  left  adrenal  vein  was  clipped, 
the  cava  pocket  then  closed  and  massage  of  the  left  adrenal  prac- 
ticed for  two  and  one-quarter  minutes.  The  pocket  was  now 
released  the  adrenal  vein  being  still  chpped.  No  epinephrin 
.  reactions  either  on  blood  pressure  or  eye  were  obtained.  After 
an  interval  of  1^  minutes  the  cava  pocket  was  again  closed, 
the  adrenal  vein  then  released  and  the  cava  pocket  allowed  to 
fill  for  21  minutes  without  further  massage.  On  release  of  the 
pocket  excellent  eye  reactions  (pupil  and  nictitating)  and  a 
good  rise  of  blood  pressure  were  obtained. 

Either  then  the  epinephrin  Hberation  is  not  indispensable, 
or  the  necessary  physiological  supply  of  epinephrin  is  too  small 
to  be  detected  by  methods  which  clearly  detect  the  epinephrin 
liberated  through  the  splanchnic  nerv^es  under  experimental 
conditions,  and  also  the  epinephrin  hberated  by  massage  of 
adrenal  glands  long  deprived  of  their  innervation. 

Nature  of  the  spontaneous  epinephrin  liberation.  If  good 
evidence  could  be  adduced  that  epinephrin  is  necessary  for 
survival  and  for  health,  the  question  raised  on  a  pre\'ious  page 
as  to  the  nature  of  the  epinephrin  Hberation  seen  under  experi- 
mental conditions  would  seem  to  be  answered  by  the  observa- 
tions just  described — and  in  this  sense,  that  it  is  not  a  discharge 
of  the  same  order  of  magnitude  as  the  physiological  hberation 
but  a  greatly  accelerated  discharge  connected  with  stimulation 
of  the  nervous  mechanism  controlling  the  secret  on  by  the  ab- 
normal irritation  of  sensory  nerves,  or  by  some  action  of  the  an- 
esthetic.    If,  however,  the  discharge  of  epinephrin  is  essentially 
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an  "emergency  function,"  as  suggested  by  Cannon,  it  may  be 
that  health  can  be  maintained  without  hberation  of  epinephrin 
or  with  too  small  a  hberation  to  be  detected,  although  the 
animal  may  be  handicapped  in  circumstances  which  normally 
evoke  the  emergency  secretion.  The  increased  discharge  under 
experimental  conditions  might  itself  be  considered  an  emergency 
secretion.  However  this  may  be,  it  was  seen  that  cats,  with 
one  adrenal  removed  and  the  nerves  of  the  other  cut,  behaved 
in  the  same  way  as  cats  with  intact  adrenals,  in  regard  to  cer- 
tain signs  of  emotional  disturbance  supposed  by  some  writers 
to  be  associated  with  epinephrin  liberation.  When  the  animal 
was  frightened  or  rendered  angry  the  pupil  of  the  denervated 
eye  dilated  well,  and  dilatation  began  practically  at  once,  that 
is  to  say,  much  sooner  than  the  same  reaction  when  it  is  known 
to  be  elicited  by  epinephrin.  The  dilatation  was  sometimes. 
as  great  as,  or  even  greater  than  the  normal  eye.  In  one  cat 
it  was  constantly  greater.  The  relative  amount  of  dilatation 
of  the  pupil  in  the  denervated  eye  as  compared  with  its  fellow 
was  at  least  as  great  in  all  the  animals  tested  as  in  cats  with  in- 
tact adrenals.  The  pilomotor  effects  were  not  less  than  in 
normal  cats.  In  asphyxia  and  ether  anesthesia  the  pupil  of 
the  denervated  eye  in  the  cats  without  adrenal  innervation 
became  wider  than  the  pupil  of  the  other  eye. 

Another  point  which  has  some  bearing  on  the  question  of  the 
nature  of  the  spontaneous  liberation  of  epinephrin  seen  under 
experimental  conditions,  may  be  mentioned.  We  have  produced 
evidence  in  a  previous  paper  (6)  that  a  portion,  and  usually  a 
very  considerable  portion,  of  the  epinephrin  liberated  by  electri- 
cal stimulation  of  the  splanchnics  must  be  newly  formed  epi- 
nephrin, and  cannot  have  come  from  the  stock  in  the  glands  at 
the  beginning  of  the  experiment.  The  same  thing  seems  to 
be  true  of  the  spontaneous  liberation,  although,  with  the  nerves 
intact,  there  is  always  a  much  more  definite  "spontaneous" 
loss  of  epinephrin  from  the  store  under  experimental  conditions 
than  when  the  cut  nerves  are  stimulated  electrically,  despite 
the  fact  that  more  epinephrin  passes  into  the  blood  in  a  given 
time  with  electrical  stimulation  of  the  nerves. 
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Thus,  if  in  cat  37  (protocol,  table  9)  the  discharge  from  the  left 
adrenal  between  11.50  a.m.  and  2.20  p.m.  was  at  the  smallest  rate 
found  in  om*  experiments  for  one  adrenal,  namely  0.0005  mgm.  per 
minute,  this  would  amount  to  0.075  mgm.  for  the  two  and  a  half  hours. 
The  nerves  of  the  right  adrenal  were  cut  at  11.50  and  those  of  the 
left  at  2.20.  It  has  been  shown  by  Elliott  that  section  of  the  nerves 
protects  the  store  of  epinephrin  in  a  gland  from  discharge.  At  the 
end  of  the  experiment  the  left  adrenal  contained  only  0.02  mgm.  of 
epinephrin  less  than  the  right. 

In  cat  137  the  left  adrenal  lost  from  its  store  0.07  mgm.  in  5  hours 
or  over  0.0002  mgm.  per  minute.  The  gland  discharged  spontaneously 
(see  table  8),  0.0005  mgm.  per  minute. 

In  cat  116  the  major  splanchnics  were  divided  after  the  experiment 
had  proceeded  for  four  and  one  half  hours.  The  epinephrin  Hberated 
before  division  was  estimated  at  0.002  mgm.  per  minute  (table  8). 
If  the  liberation  was  at  the  same  rate,  say  for  4  hours,  the  amount 
discharged  by  the  two  adrenals  would  be  0.48  mgm.  At  the  end  of 
the  experiment  the  left  adrenal  contained  0.11  mgm.  and  the  right 
0.09  mgm.  The  highest  content  of  an  adrenal  in  cats  suddenly  killed 
does  not  exceed  0.35  to  0.38  mgm.  Even  if  the  adrenals  in  this  ani- 
mal at  the  beginning  of  the  experiment  had  a  maximal  load,  not  less 
than  half  the  amount  discharged  must  have  been  new  formed. 

If  the  spontaneous  discharge  is  associated  with  new  formation 
of  epinephrin  it  ranges  itself,  so  far  as  this  fact  goes,  with  the 
genuine  secretions. 

Do  the  major  splanchnics  carry  all  the  fibers  concerned  in  the 
liberation  of  epinephrin?  It  has  been  shown  by  Elliott  (5)  that 
section  of  the  major  splanchnics  alone  does  not  suffice  to  protect 
the  adrenal  (in  the  cat)  from  discharge  of  its  epinephrin  store. 
We  have  found  that  this  is  true  also  for  the  dog.  The  question 
arises  whether  the  major  splanchnic  carries  all  the  fibers  which 
control  the  spontaneous  liberation  of  epinephrin,  and  also,  what 
is  probably  the  same  thing,  whether  it  carries  all  the  fibers, 
artificial  stimulation  of  which  causes  liberation  of  epinephrin. 
We  have  tried  to  test  this  in  a  number  of  experiments  one  of 
which  is  illustrated  in  table  10.  Cava  pocket  observations  were 
made  with  stimulation  of  one  or  both  sympathetics  in  the  thorax 
just  above  the  diaphragm. 
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The  epinephrin  reactions  obtained  on  release  of  the  pocket 
were  noted.  Then  the  major  splanchnic  was  divided  in  the 
abdomen  and  stimulation  of  the  sympathetics  repeated,  with 
the  cava  pocket  closed  for  the  same  or  for  a  longer  period.  Pos- 
itive epinephrin  reactions  on  release  of  the  pocket  would  now, 
of  course,  indicate  that  a  portion  of  the  efferent  nervous  path 
concerned  in  the  liberation  had  not  been  divided.  In  other  ob- 
servations the  spontaneous  liberation  of  epinephrin  was  first 
verified  by  pocket  experiments  before  division  of  any  nerves. 
The  major  splanchnics  in  the  abdomen  were  then  cut,  and  it 
was  noted  whether  blood  collected  in  the  cava  pocket  still  caused 
any  sensible  epinephrin  reaction.  In  one  experiment  (cat  95, 
see  protocol,  table  12)  we  obtained  a  definite,  though  small, 
rise  of  blood  pressiu-e  after  release  of  the  pocket  when  the  major 
splanchnics  had  been  previously  cut.  The  rise  was  associated 
with  a  slight  pupil  reaction.  On  now  dividing  the  fibers  com- 
ing to  the  semilunar  ganglion  on  both  sides  and  repeating  the 
experiment,  the  result  was  negative.  Before  division  of  the 
major  splanchnics  good  epinephrin  reactions  had  been  obtained. 
It  need  not  be  assumed  that  after  division  of  such  a  very  im- 
portant fraction  of  the  total  innervation  as  that  carried  in  the 
major  splanchnic,  all  cats  will  show  a  definite  spontaneous  libera- 
tion of  epinephrin.  As  a  matter  of  fact,  we  have  also  seen  the 
opposite  result.  For  instance,  in  cat  116  (fig.  14,  observations 
2  to  9)  no  detectable  epinephrin  was  given  off  after  division  of 
both  major  splanchnics  in  the  abdomen.  Before  division  of 
the  major  splanchnics  the  amount  of  epinephrin 'spontaneously 
liberated  in  this  animal  (at  observation  2)  was  assayed  (by  means 
of  adrenalin  injections  such  as  those  shown  in  the  figure  in  ob- 
servations 5  and  6)  at  0.0008  mgm.  per  minute  per  kilo  of  ani- 
mal, an  amount  of  the  usual  magnitude  at  least.  The  major 
splanchnics  were  then  cut,  and  observation  9  shows  no  trace 
of  liberated  epinephrin.  The  glands  were  still  at  this  time  per- 
fectly capable  of  excreting  epinephrin.  For  stimulation  of  the 
right  splanchnic  (fig.  3,  observation  12)  while  the  pocket  was 
closed,  caused  cons'derable  liberation,  as  shown  by  the  marked 
rise  in  blood  pressure  and  eye  reactions  (pupil,  nictitating  and 
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TABLE  10 


Condensed  protocol  of  experiment  on  cat  117.  Weight,  1.955  kg.  Left  superior 
cervical  ganglion  excised  26  days  previously.  Urethane,  4  grams  Prepared 
permanent  cava  pocket  "with  ligations  of  arteries.  Isolated  both  sympathetic 
trunks  in  thorax  above  dictphragm  without  ligating  them 


§2 

a 

PtJPn.  DILATA- 
TlOX  IX  SECONDS 

BLOOD  PRES- 
8UHE  RISE 

a 

OBSERVATION 

MiUi- 

meters 

Begins 

in 
seconds 

1 
2 

3 

Pocket  experiment 

Pocket  experiment 

Ligated  and  cut  both 
sj-mpathetic    trunks 
in  thorax         

65 
60 

Positive   9 
Positive  13 

10 

8 

7 
10 

74 
60 

4^ 

Pocket    experiment 
with   stimulation   of 
both    sjTupathetics 
5  sees,  on  and  5  off, 
for  90  sees 

90 

90 

Positive  12.4 
Positive  11 

10 
12 

15 
14 

4? 

8-10 

Pocket    experiment 
with   stimulation   of 
both  sjTnpathetics 
5  sees,  on  and  5  off, 
for  90  sees 

42 

12 

Divided     both     major 
splanchnics  in  abdo- 

men   

100 
80 

150 
120 

No 
No 

Positive  18.2 
No 

No 
No 

3^* 
No 

14 

13 
14-17 

Pocket  experiment 

Pocket    ex-periment 
with   stimulation  of 
sjTnpathetics  in  tho- 
rax for  1  min 

34 
34 

26-29 

Pocket    experiment 
with   stimulation   of 
right  major  splanch- 
nic in   abdomen   for 
2  min 

26 

30 

Pocket  experiment 

20 

Left  adrenal  weighed  0.204  gram  and  contained  0.17  mgm.  epinephrin. 

Right  adrenal  weighed  0.216  gram  and  contained  0.18  mgm.  epinephrin. 

Blood  pressure  has  been  very  low  throughout  and  at  the  end  of  the  experi- 
ment was  30  mm.  The  pocket  was  allowed  to  fill  for  estimation  of  the  quan- 
tity of  blood  for  3  minutes.     It  contained  0.45  grams  blood. 

*  This  rise  although  small  was  perfectly  definite. 

Xote. — As  with  the  low  blood  pressures  in  this  experiment  a  definite  prelimi- 
narj'  cusp  was  not  seen  on  the  blood  pressure  curve  at  the  point  corresponding 
to  the  beginning  of  the  epinephrin  effect,  the  time  of  commencement  of  the  blood 
pressure  reaction  given  in  the  table  is  always  at  the  beginning  of  the  of  rise. 
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TABLE  11 
Condensed  protocol  of  experiment  on  cat  116.  Weight,  2.76  kg.  The  animal  is 
pregnant.  The  left  superior  cervical  ganglion  was  liocised  20  daijs  before  the 
experiment.  Urethane,  4  grams.  2.00  to  3.20  p.m.  poch^i  prepared.  Cannul 
in  carotid  connected  for  hlood  pressure  tracing.  Cannula  iVi.  external  jugular 
vein  and  in  trachea.     Coeliac  and  mesenteric  arteries  not  tied  until-  l:0,ter 


s 

§2 

BLOOD  PBES- 

a 

a 

(,      m 

SURE  RISE 

s« 

n  z 

5  H  Q 

1^  o 

o  o 

TIME 

2az 

H  !<i  O 

PUPIL  DILATA- 
TION IN  SECONDS 

§5 

Milli- 

BcH^ins 

0*^ 
J5 

P  p.   10 
0 

meters 

in 
seconds 

z" 

2 

3.25 

Pocket  experiment 

90 

Positive  12.6 

8 

7 

42 

3 

Pocket  experiment 

90 

Positive  12.6 

8 

7 

42 

4 

0.3    cc.    adrenalin 
(1:150,000)  injected.. 

4 

42 

5 

0.6    cc.    adrenalin 
(1 :  150,000)  injected. . 

10 

42- 

6 

0.5  cc.    adrenalin 
(1:  150,000)  injected.. 

8 

42 

•7 

4.00 

0.4    cc.    adrenalin 
(1 :  150,000)  injected. . 

Both    major    splanch- 
nics  divided   in   ab- 
domen  

6 

42 

9 

4.05 

Pocket  experiment 

Clamped       abdominal 
aorta  and  coeliac  and 
mesenteric  arteries. . . 

90 

No 

No 

34 

10 

Pocket  experiment 

90 

No 

No 

62 

11 

Pocket  experiment 

90 

No 

No 

70 

12 

Pocket    experiment 
with  stimulation  of 
right  splanchnic  (off 

and  on) 

90 

Very  good  13.6 

25 

9 

60 

13 

Pocket    experiment 

with  stimulation   of 

right  splanchnic  (off 

and  on) 

90 

Very  good  13.8 

25* 

11 

60 

18 

0.3    cc.    adrenalin 

(1:  150,000)  injected. . 

27 

50 

19 

0.2    cc.    a  d  r  e  n  a    in 
(1:  150,000)  injected.. 

20 

50 

20 

4.55 

Pocket    experiment 
with   stimulation   of 
right    splanchnic    (5 
(sees,     on,     5     sees. 

- 

off) ■ 

150 

Very  good  12.8 

31 

10 

40 
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TABLE  a— Ck)ntinued 

X 

§2 

BLOOD  PBES- 

§-- 

ss 

TIME 

Q 

PUPIL  DILATA- 
TION IN  SECONDS 

TCRE  RISE 

a  a 

z 

MUli- 

meters 

Begins 

In 
seconda 

X 

21 

P  0  ck  e  t     experiment 
with  stimulation  of 
right    splanchnic    (5 

sees,  on,  5  sees,  off) . . . 

90 

Positive  16 

17 

11 

42 

22 

Pocket    experiment 
with   stimulation   of 
right    splanchnic    (5 

sees,  on,  5  sees,  off) . . . 

135 

Positive  16 

12 

11 

42 

Left  adrenal  weighed  0.185  gm.  and  contained  0.11  mgm.  epinephrin. 

Right  adrenal  weighed  0.200  gram  and  contained  0.09  mgm.  epinephrin. 

The  smaller  rise  of  pressure  in  observation  22  as  compared  with  20  and  21 
indicate  temp>orary  exhaustion. 

The  blood  pressure  at  the  end  was  48  mm.  The  pocket  was  allowed  to  fill  for 
2  min.     The  quantity  of  blood  in  it  was  1.01  gm. 

*  Curve  was  practically  an  exact  replica  of  that  obtained  in  observation  12, 
and  shown  in  figure  3. 


widening  of  palpebral  fissure)  on  release.  The  amount  of  epine- 
phrin Uberated  during  the  stimulation  was  assayed  by  adrenalin 
observations,  such  as  J  8  and  19,  at  0.0005  mgm.  per  minute  per 
kilo  of  animal.  In  comparing  this  amount  with  that  spon- 
taneously liberated  at  observation  2,  it  must  be  remembered 
that  only  one  splanchnic  was  stimulated  artificially,  and  that 
we  have  therefore  only  the  output  of  one  adrenal.  Further, 
the  splanchnic  stimulation  did  not  last  for  the  whole  period  of 
closure  of  the  pocket  and  the  nerve  was  reaUy  only  stimulated 
for  half  the  nominal  time  of  excitation  (5  seconds  stimulation 
at  a  time,  always  succeeded  by  an  interval  of  5  seconds  rest). 
These  observations,  then,  form  no  exception  to  the  general  rule 
that  more  epinephrin  is  given  off  during  artificial  stimulation 
of  the  splanchnic  than  is  spontaneously  Uberated  in  the  same 
time.  Although  th's  fact  would  indicate  that  it  might  be  easier 
to  demonstrate  the  Hberation  of  epinephrin  by  artificial  stimula- 
tion of  the  sympathetics  in  the  thorax  after  section  of  the  major 
splanchnic,  than  its  spontaneous  hberation,   such  experiments 
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as  we  have  made  with  stimulation  of  the  sympathetic  have 
not  yielded  positive  results.  This  may  be  because  of  the  de- 
terioration of  the  condition  of  the  animal,  indicated  by  a  definite 
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Fig.  14.     Cat  116. 

S,  pocket  experiment  showing  epinephrin  rise  after  releasing  the  pocket  (spon- 
taneous liberation).  5,  injection  of  0.6  cc.  adrenalin  (1:150,000).  6,  0.5  cc. 
of  same  solution.  9,  pocket  experiment  after  section  of  major  splanchnics  in 
abdomen.  No  evidence  of  epinephrin  liberation.  The  line  of  zero  pressure  is  just 
below  upper  signal  line. 


drop  in  the  blood  pressure,  when,  in  addition  to  the  rather  ex- 
tensive ■  operation  in  the  abdomen  entailed  by  the  making  of 
the  cava  pocket,  the  thorax  is  opened  for  isolation  of  the  sym- 
pathetics.     It  is,  in  any  case,  not  at  all  difficult  to  understand 
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that  the  comparatively  slow  processes  which,  in  Elliott's  experi- 
ments on  cats  and  in  ours  on  dogs,  are  associated  with  exhaustion 
of  the  epinephrin  store  in  an  adrenal  whose  innervation  is 
intact,  should  produce  in  6  or  7  hours  very  distinct  changes, 
whereas  an  artificial  stimulation  lasting  for  two  or  three  minutes 
although  producing  an  efifect,  might  not  cause  a  detectable  one. 

EFFECT   OF  ASPHYXIA   AND   STIMULATION   OF   SENSORY    NERVES 
UPON   THE   LIBERATION   OF  EPINEPHRIN 

It  has  been  showTi  by  EUiott  (5)  that  stimulation  of  sensory 
nerves  causes  diminution  of  the  epinephrin  store  of  the  adrenals. 
Cannon  and  Hoskins  (7)  have  stated  that  stimulation  of  sensory 
nerves  and  asphyxia  produce  so  great  a  hberation  of  epinephrin 
into  the  blood  that  blood  collected  from  the  inferior  cava  by  a 
catheter,  passed  into  it  from  the  femoral  vein,  gives  with  intesti- 
nal segments  marked  epinephrin  reactions.  We  have  made  some 
experiments  by  the  cava  pocket  method  to  test  the  question 
of  hberation  of  epinephrin  into  the  blood  during  electrical  stimu- 
lation of  afiferent  nerves  and  during  asphyxia.  The  central 
end  of  the  brachial  nerve  was  used  for  stimulation,  since  with 
the  permanent  pocket  the  sciatic  is  not  available.  AsphjTda 
was  produced  by  closing  the  tracheal  cannula  for  longer  or  shorter 
periods  while  blood  from  the  adrenals  was  being  collected  in  the 
pocket.  The  asphyxia  was  stopped  some  time  before  the  open- 
ing of  the  pocket  in  order  to  allow  the  blood  pressure  curve,  the 
respiratory  variations  in  which  were  of  course  enormously  in- 
creased during  the  asphyxia,  to  become  more  nearly  normal. 
In  some  observations  the  tracheal  cannula  was  not  closed  until 
the  pocket  had  been  cUpped  off.  In  others  asphyxia  preceded 
the  closing  off  of  the  pocket  and  lasted  for  a  certain  time  during 
its  closure.  The  idea  was  that  if  asphyxia  was  producing  an 
increased  hberation  of  epinephrin,  and  the  effect  began  immedi- 
ately, the  former  set  of  obser\'ations  would  enable  blood  with  a 
maximum  content  of  epinephrin  to  be  collected,  whereas  if 
the  asphjTda  did  not  cause  its  maximum  effect  until  a  Uttle 
time  had  elapsed,  blood  richer  than  normal  in  epinephrin  would 
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still  be  caught  in  the  pocket  in  the  latter  set  of  observations. 
Nevertheless,  by  neither  modification  of  the  experiment  have 
we  been  able  to  find  any  definite  increase  in  the  epinephrin 
liberated  during  asphyxia  as  compared  with  that  liberated  in 
control  observations  in  which  the  animal  was  breathing  nor- 
mally. If  there  is  any  increase  at  all  in  such  relatively  short 
periods  of  asphyxia  as  can  be  employed  (up  to  about  2  minutes) 
it  is  too  small  to  give  an  unequivocal  difference  by  the  methods 
we  have  used.  With  stimulation  of  the  brachial  nerves  we  have 
not  obtained  any  increase  whatever.  The  experiments  are 
illustrated  by  a  condensed  protocol  of  one  of  them  given  in  table 
12,  and  by  specimens  of  the  tracings  reproduced  in  figures  15 
to  18. 

It  ought  in  fairness  to  be  stated  that  the  experiments  on  stimu- 
lation of  afferent  nerves  can  be  done  more  exactly  than  those 
on  asphyxia.  For  first,  the  blood  pressure  curve,  with  the 
restricted  circulation  entailed  by  the  making  of  a  permanent 
cava  pocket,  is  not  greatly  affected  by  stimulation  of  the  brachial, 
and  whatever  effect  is  produced  ceases  practically  with  the  stop- 
page of  stimulation,  so  that  any  epinephrin  rise  after  the  re- 
lease of  the  pocket  is  easily  detected.  Secondly,  the  eye  reac- 
tions, if  present  before,  are  still  available  after  brachial  stimu- 
lation. On  the  other  hand,  asphyxia  causes  great  distortion 
of  the  blood  pressure  curve  and  also  dilatation  of  both  pupils, 
so  that  the  pupil  reaction  of  the  denervated  eye  cannot  be  so 
easily  studied.  It  may  further  be  pointed  out  that  if  a  slightly 
greater  epinephrin  reaction  may  sometimes  appear  to  be  ob- 
tained in  an  asphyxia  observation  than  in  the  control,  the  more 
rapid  filling  of  the  pocket  with  blood  due  to  the  increased  arterial 
pressure  during  the  asphyxia  might  account  for  the  difference. 

The  experiments  on  stimulation  of  the  brachial  cannot  be 
compared  with  Elliott's  observations  on  the  effect  of  prolonged 
afferent  stimulation  (several  hours)  in  causing  exhaustion  of 
the  epinephrin  store  of  the  adrenals.  In  any  case,  there  is  no 
reason  to  suppose  that  conditions  which  diminish  the  stock  of 
epinephrin  in  the  adrenals  must  necessarily  increase  the  rate  of 
liberation  of  that  substance  into  the  adrenal  veins.     The  diminu- 
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Fig.  15.     Cat  95 

4,   Pocket  with  brachial  stimulation.    5,   control  pocket  without  brachial 
stimulation.     Line  of  zero  pressure  moved  up  towards  the  curve  55  mm. 


?     10^ 


Fig.  16.    Cat  95 

8,  Pocket  with  asphyxia.     Asphyxia  stopped  at  9,  pocket  opened  at  10. 
control  pocket  without  asphyxia.    Line  of  zero  pressure  moved  up  50  mm. 


11, 
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tion  in  the  stock  may  be  due  to  interference  with  formation  of 
the  substance.  On  the  other  hand,  our  observations  ought  to 
be  capable  of  comparison  with  those  of  Cannon  and  Hoskins 
on  the  Hberation  of  epinephrin  into  the  blood  since  they  also 
used  short  periods  of  stimulation  of  sensory  nerves  and  of  asphyxia. 
The  difference  between  their  results  and  ours  is  puzzling.  It 
cannot  depend  upon  the  greater  sensitiveness  of  the  method 


Fig.  17.     Cat  95 

Adrenalin  assay.     17,  0.8  cc.   of  1:  125,000  adrenalin  injected.     18,  0.4  cc; 
19,  0.5  cc. ;  20,  0.6  cc.  of  the  same  solution.    Line  of  zero  pressure  moved  up  45  mm. 


adopted  by  them  (the  rabbit's  intestine  segment  method  first 
employed  by  one  of  us  (S)  (8),  and  by  Hoskins  (9)  ).  For  we 
obtain  positive  epinephrin  reactions  from  cava  pocket  blood 
collected  without  asphyxia  or  electrical  stimulation  of  afferent 
nerves,  whereas  Cannon  and  Hoskins  state  that  cava  blood  taken 
by  the  catheter  without  asphjrxia  or  sensory  stimulation  caused 
no  inhibition  of  the  intestinal  segments,  although  blood  collected 
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from  the  catheter  during  asphyxia  and  sensory  stimulation  caused 
marked  inhibition  of  the  segments.  It  is,  of  course,  possible 
that  with  the  more  extensive  operation  in  our  observations  the 
spontaneous  discharge  of  epinephrin  is  already  so  much  in- 
creased that  there  is  no  room  for  a  detectable  increase  by  as- 
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Fig.  18.     Cat  95 

Asphyxia  begun  at  22;  stopped  at  24.  Pocket  closed  at  23,  opened  at  25 
28,  control  pocket  experiment  without  asphyxia.  Line  of  zero  pressure  moved 
up  45  mm. 

phyxia,  etc.  Tscheboksaroff  (1)  concluded  that  "the  increase  of 
blood  pressure  caused  by  stimulation  of  a  sensory  nerve  (sciatic) 
has  no  effect  on  the  quantity  of  secreted  adrenahn."  In  his 
experiments  also  the  operative  procedure  was  more  severe  than 
in  those  of  Cannon  and  Hoskins. 


522 


G.    N.    STEWART  AND  J.   M.    ROGOFF 


_         ,  TABLE  12 

Condensed  protocol   of   experiment   on  cat  95.     Weight,  3.275  kg.    Left   superior 

cervical  ganglion  excised  S9  days  before  the    experiment.     Urethane,  4  grams. 

Permanent  cava  pocket  prepared  loith  ligation  of  arteries.    Both  vagi   divided. 

Cannula  in  carotid,  external  jugular  and  trachea. 


§2 

BLOOD  PRES- 

at 

SSfc,  S 

SURE  RISE 

^^ 

o| 

2§§ 

PUPIL  DILITATION  IN 
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«  p 

§5 

Milli- 

Begins 

6> 

S5 

a 

meters 

seconds 

V 

1 

Pocket  experiment 

50 

Positive  7 

10 

7 

150 

2 

Pocket  experiment 

55 

Positive  6 

12 

6 

146 

3 

Pocket    experiment   with 

stimulation  of  brachial. . 

62 

Positive  7.6 

12 

7 

136 

4 

Pocket    experiment   with 

stimulation  of  brachial. .. 

64 

Positive  6.4 

12 

6 

132 

5 

Pocket  experiment 

60 

Positive  6.6 

12 

7 

138 

6 

Gave  ether 

7 

Pocket    experiment    with 

asphyxia 

60 

Positive  11 

* 

8-10 

Pocket    experiment   with 

asphyxia  for  1  minute — 

100 

Positive  6.2 

13 

8 

140 

11 

Pocket  experiment 

100 

Positive  6.4 

11 

8 

140 

17 

0.8     cc.     adrenalin 
(1 :  125,000)    

23 

130 

18 

0.4     cc.      adrenalin 
(1:  125,000) 

8 

128 

19 

0.5     cc.     adrenalin 
(1:  125,000) 

12 

130 

20 

0.6       cc.       adrenalin 
(1 :  125,000) 

17 

132 

22-25 

Pocket    experiment    with 
asphyxia  begun  before 
closing  pocket  and  last- 

ing 1  minute 

105 

Positive  7 . 2 

20 

8 

140 

26 

Pocket  experiment 

Cut  both  major  splanch- 
nics  in  abdomen 

105 

Positive  9.2 

20 

9 

130 

.  27    . 

Pocket  experiment 

90 

Too  wide 

6 

15 

90 

28-31 

Pocket    experiment   with 

asphyxia 

90 

Both  dilated. 

7 

15 

100 

32-34 

Pocket    experiment    with 

brachial  stimulation 

120 

Slight  17.6 

9 

12 

108 

38 

Pocket  experiment 

100 

Slight  14 

10 

20t 

114 

*  The  rise  present  was  disturbed  by  the  spontaneous  recovery  of  the  blood 
pressure  from  the  ether  depression  so  that  the  amount  of  the  rise  could  not  be 
determined. 

t  The  beginning  of  the  small  fall  of  pressure  which  precedes  the  rise  in  the 
epinephrin  reaction  is  what  is  given  in  this  column  in  all  observations,  except 
38,  in  which  the  cusp  was  absent. 
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TABLE  12— Continued 


k 

§2 

m 

a 

PUPIL  DILATATION  IN 
SECONDS 

BLOOD  PRES- 
SURE RISE 

a 

is 

A  S 

o 

K 

MUli- 

meters 

BegJDS 

in 
seconds 

39 

40 
41^4 

Pocket  experiment 

Both  semilunar  ganglia 
freed  from  strands  com- 
ing to  them 

Pocket  experiment 

Pocket  experiment  with 
stimulation  of  brachial 

Now  allowed  pocket  to  fill 
for  2  min.,  50  sees. 
Quantity  of  blood  in 
pocket  1.32  grams. 

120 

120 
165 

Fair  12.6 

No 

No 

16 

No 
No 

13 

114 

68 
70 

Left  adrenal  weighed  0.200  gram  and  contained  0.17  mgm.  epinephrin. 
Right  adrenal  weighed  0.208  gram  and  contained  0.18  mgm.  epinephrin. 


SUMMARY 

1.  The  spontaneous  liberation  of  epinephrin  has  been  studied 
(in  the  cat)  by  means  of  the  (denervated)  eye  reactions  and  the 
blood  pressure  changes  caused  by  blood  from  the  adrenals  when 
permitted  to  pass  into  the  circulation  from  a  pocket  of  the 
vena  cava  in  which  it  has  been  collected  in  known  amounts 
and  for  known  periods  of  time. 

2.  Since  the  blood  is  not  withdrawn  from  the  vessels  the  un- 
certainty introduced  by  the  rapid  development  in  the  blood 
of  pressor  bodies  which  simulate  the  action  of  epinephrin  on 
some  of  the  objects  most  generally  used  in  biological  tests  for 
that  substance,  is  eliminated. 

3.  The  simultaneous  observation  of  the  eye  reactions  greatly 
aids  in  the  interpretation  of  the  blood  pressure  curves  when 
the  amoimt  of  epinephrin  is  small. 

4.  The  approximate  assay  (without  withdrawal  of  blood) 
of  the  epinephrin  in  the  blood  collected  in  the  cava  pocket 
from  the  adrenals,  by  the  injection  of  varying  doses  of  adrenalin 
generally  presents  no  difficulty.  It  must  be  repeated  from  time 
to  time  in  the  course  of  an  e?cperiment  when  the  condition  of 
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the  animal  changes.  The  amount  of  epinephrin  spontaneously 
Uberated  in  cats  was  found  to  vary  in  different  experiments  within 
a  rather  narrow  range  considering  the  differences  in  the  condi- 
tions (from  0.0008  to  0.0028  mgm.  per  minute  per  animal,  or 
from  0.0003  to  0.001  mgm.  per  minute  per  kilo  of  animal. 

5.  After  section  of  both  sympathetic  trunks  in  the  thorax 
near  the  diaphragm,  including  the  major  splanchnics,  the  spon- 
taneous liberation  of  epinephrin  is  completely  abolished.  Divi- 
sion of  the  major  splanchnics  in  the  abdomen  does  not  neces- 
sarily cause  total  cessation  of  the  secretion  in  all  cats.  In  one 
animal  a  detectable  amount  was  still  liberated  but  the  liberation 
was  entirely  stopped  when  all  the  fibers  coming  to  the  semilunar 
gang' ion  were  cut. 

6.  The  fal  of  blood  pressure  caused  by  section  of  both  splanch- 
nics has  nothing  to  do  with  the  failure  of  the  adrenals  to  liberate 
epinephrin.  For  when  the  nerves  of  the  right  gland  are  alone 
divided  and  the  left  adrenal  vein  clipped,  the  blood  col'ected 
from  the  right  adrenal  in  the  cava  pocket  yields  no  epinephrin 
reactions  on  release  of  the  pocket. 

7.  Although,  as  is  known,  cats  survive  indefinitely  the  re- 
moval of  one  adrenal  and  division  of  the  nerve  supply  of  the 
other,  no  detectable  epinephrin  was  found  in  the  blood  coming 
from  the  remaining  adrenal  5  weeks  after  the  operation.  Good 
reactions  were  obtained  on  massaging  the  gland. 

8.  No  increase  in  the  epinephrin  hberation  was  detectable 
when  sensory  nerves  (brachial)  were  stimulated.  If  any  in- 
crease was  produced  by  asphyxia  in  our  observations  it  was  very 
slight. 
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The  alleged  exhaustion  of  the  epinephrin  store  in  the  adrenal  by 
emotional  disturbance. 

By  G.  N.  Stewart  and  J.  M.  Rogopp. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of 
Western  Reserve  University.] 

1.  It  has  been  stated  that  a  marked  diminution  in  the  store  of 
epinephrin  in  the  adrenal  gland  is  associated  with  various  kinds  of 
emotional  excitation.  Thus  Elliott^  speaks  of  morphin-" fright" 
in  cats  causing  exhaustion  of  a  gland  whose  splanchnic  nerve 
supply  is  intact,  as  compared  with  the  other  adrenal  whose  splanch- 
nic supply  has  been  previously  severed.  We  can  confirm  his 
statement  as  to  the  difference  in  the  content  produced  under  the 
influence  of  morphin  but  we  do  not  think  that  fright  has  anything 
to  do  with  the  result  since  it  is  also  obtained  in  dogs  where  there 
are  no  signs  of  fright. 

2.  The  signs  of  morphin-" fright"  can  all  be  elicited  by  ad- 
ministering morphin  to  a  cat  in  which  one  adrenal  has  been  re- 
moved and  the  splanchnic  supply  of  the  other  cut  and  in  which 
accordingly  no  demonstrable  liberation  of  epinephrin  through  the 
splanchnics  takes  place.  A  cat  in  this  condition  behaves  identi- 
cally in  the  same  way  as  a  cat  whose  adrenal  splanchnic  supply 
has  been  cut  on  one  side  but  left  intact  on  the  other.  The  pupils 
are  widely  dilated  and  there  is  the  same  characteristic  restlessness 
and  incessant  movement.  The  content  of  epinephrin  in  the  re- 
maining adrenal  of  the  first  cat  is  found  to  be  practically  the  same 
as  that  of  the  adrenal  removed  before  the  administration  of  mor- 
phin while  the  content  of  the  adrenal  with  intact  splanchnic 
supply  in  the  second  cat  is  definitely  diminished. 

3.  When  a  cat  with  the  splanchnic  supply  of  one  adrenal  cut  is 
frightened  for  many  hours  by  a  dog  in  which  also  the  splanchnic 

^  Jotimal  of  Physiology,  1912,  44.  p.  374. 
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supply  of  the  adrenal  has  been  divided  on  one  side  both  animals 
undoubtedly  experience  emotions  of  great  intensity.  Neverthe- 
less the  content  of  epinephrin  in  the  gland  whose  nerve  supply  is 
intact  is  not  sensibly  diminished  as  compared  with  the  other. 

4.  We  can  confirm  the  statement  that  /3-tetrahydronaphthy- 
lamine  causes  in  cats  extreme  exhaustion  of  the  epinephrin  store 
of  an  adrenal  whose  nerve  supply  is  intact  as  compared  with  its 
fellow  whose  nerve  supply  has  been  previously  severed.^  Elliott 
associates  this  with  the  emotional  "alarm."  We  have  attempted 
to  test  this  interpretation  by  making  observations  on  rabbits.^ 
We  have  not  seen  nearly  as  great  a  degree  of  exhaustion  in  this 
animal  as  in  the  cat.  This  might  be  interpreted  as  in  favor  of 
Elliott's  view,  since  signs  of  "emotional"  disturbance  are  also  less 
marked  in  the  rabbit,  although  great  dilatation  of  the  pupil,  in- 
creased respiration  and  other  symptoms  are  present,  which,  ac- 
cording to  Mutch  and  Pembrey^  "give  the  impression  that  the 
drug  produces  a  state  of  increased  psychic  activity  accompanied 
by  muscular  action  appropriate  to  the  emotions."  It  seems  to 
us,  however,  more  natural,  considering  our  results  with  morphin 
and  "frightening"  without  drugs  to  interpret  the  greater  effect  on 
the  epinephrin  content  in  the  cat  as  due  to  some  other  action  of 
the  drug  than  the  hypothetical  emotional  disturbance. 

We  determined  the  epinephrin  content  by  the  colorimetric 
method  of  Folin,  Cannon  and  Denis,  which  we  found  to  agree 
sufficiently  well  with  blood  pressure  observations  on  the  pithed  cat. 

» Elliott,  loc.  cit. 

»  Division  of  the  nerves  to  one  adrenal  is  complicated  in  the  rabbit  by  the  fact 
that  the  right  adrenal  seems  to  derive  a  portion  of  the  nerve  supply  concerned  in 
changes  in  the  epinephrin  store  from  the  left  splanchnic  (Kahn,  Archiv  fur  die 
gesammte  Physiologic,  1911,  CXL,  209;  Nishi,  Archiv  f Or  Exper.  Path.  u.  Pharmakol., 
1909,  LXI,  401).  We  therefore  tried  to  eliminate  the  nervous  connections  of  the 
left  adrenal  by  dividing  all  branches  going  to  it  from  the  celiac  gangUon  and  in 
addition  cutting  any  strands  from  the  lumbar  sympathetic  and  the  sympathetic 
itself  below  the  diaphragm. 


[Reprinted  from  The  Journal  of  Experiment  ax  Medicine,  December  1,  1916, 
Vol.  xxiv,  No.  6,  pp.  709-738.] 


THE   INFLUENCE   OF    CERTAIN    FACTORS,    ESPECIALLY 

EMOTIONAL  DISTURBANCES,  ON  THE  EPINEPH- 

RIN   CONTENT  OF  THE  ADRENALS.* 

By  G.  N.  STEWART,  M.D.,  and  J.  M.  ROGOFF,  M.D. 

{From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine,  Western  Reserve 

University,  Cleveland.) 

(Received  for  publication,  July  31,  1916.) 

In  a  study,  mainly  in  cats,  of  the  epinephrin  discharge  caused 
by  electrical  stimulation  of  the  splanchnic  nerves'  we  were  led  to 
consider  the  question  whether  the  amount  of  epinephrin  liberated 
by  a  given  strength  and  duration  of  stimulation  is  related  to  the 
store  of  epinephrin  already  present  in  the  adrenals,  or  is  independent 
of  that  store.  Desiring  to  compare  the  amount  hberated  in  animals 
whose  content  was  presimiably  high  with  the  amount  liberated  in 
animals  whose  content  was  presmnably  low,  we  tried  to  exhaust 
the  store,  as  far  as  possible,  before  the  experiment  on  the  hberation 
was  made,  by  some  of  the  procedures  which  according  to  Elliott* 
cause  diminution  of  the  epinephrin  load.  Morphine  was  tried  and 
also  /3-tetrahydronaphthylamine,  since  ElUott  states  that  these  drugs 
produce  marked  exhaustion.  But  as  in  cats  they  also  cause  wide 
dilatation  of  the  pupil,  and  we  were  using  the  eye  reactions  as 
one  of  the  criteria  of  the  presence  of  epinephrin  in  the  blood,  we 
eventually  had  recourse  to  frightening  the  cat  by  a  dog.  Elhott 
attributes  the  loss  of  epinephrin  from  the  glands,  induced  by  mor- 
phine and  j8-tetrahydronaphthylamine,  to  the  fright  occasioned  in 
cats  by  these  substances.  But  he  did  not  make  any  experiments 
on  the  effect  of  actual  fright,  although  he  says  that  "the  most  direct 

*  A  preliminary  note  was  published  in  Froc.  Soc.  Exp.  Biol,  and  Med.,  1916, 
xiii,  184. 

^  Stewart,  G.  N.,  Rogofif,  J,  M.,  and  Gibson,  F.  S.,  /.  Fharm.  and  Exp.  Therap., 
1916,  viu,  205. 

'  Elliott,  T.  R.,  /.  Fhysiol.,  1912,  xUv,  374. 
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method  of  analysis  would  be  that  of  inducing  emotional  fear  at  once, 
as  by  vexing  the  cat  with  a  dog."  He  refers  to  the  experiments  of 
Cannon  and  de  la  Paz^  as  supplying  evidence  of  that  nature,  since 
"they  showed  that  the  emotion  of  anger  or  fear  is  associated  with 
the  appearance  of  adrenalin  in  the  blood  from  a  cat's  suprarenal 
vein."  We  do  not  see  that  an  increased  liberation  of  epinephrin  into 
the  blood  would  necessarily  imply  a  diminution  in  the  epinephrin 
store  of  the  glands.  Elliott  himself  has  given  an  instance  of  epi- 
nephrin liberation  into  the  blood  without  any  change  in  the  store; 
namely,  the  liberation  caused  by  electrical  stimulation  of  the  splanch- 
nics.  We  shall  produce  evidence  in  another  section  of  the  paper  that 
splanchnic  stimulation  can  induce  exhaustion  of  the  epinephrin 
store,  although  far  less  easily  than  morphine,  etc.  It  is,  however, 
certain  that  a  considerable  amount  of  epinephrin  can  be  discharged 
into  the  blood  as  a  result  of  electrical  stimulation  of  the  splanchnics 
without  any  appreciable  diminution  being  produced  in  the  store. 
Indeed,  the  epinephrin  passes  into  the  blood  at  a  more  rapid  rate 
than  when  procedures  which  distinctly  exhaust  the  store  (ether 
anesthesia,  morphine,  etc.)  are  employed.  The  load  of  epinephrin 
present  at  any  given  time  in  an  adrenal  would  seem  merely  to  rep- 
resent the  balance  between  formation  and  excretion,  its  absolute 
amount  giving  no  index  of  the  rapidity  with  which  the  epinephrin 
is  built  up  and  given  off.  Accordingly,  even  if  it  is  assumed  that 
fright  causes  increased  liberation  of  epinephrin  into  the  blood,  the 
question  still  remains  open  whether  the  stock  in  the  glands  is 
diminished. 

As  a  matter  of  fact,  we  did  not  find  that  in  frightened  cats  the 
amount  of  epinephrin  which  could  be  excreted  into  the  blood  in  re- 
sponse to  splanchnic  stimulation  was  less  than  in  animals  in  which 
the  experiments  were  made  in  the  usual  way  without  preliminary 
frightening.  Nor  did  the  assay  of  the  epinephrin  in  the  adrenals 
at  the  end  of  the  experiment  indicate  that  the  stock  had  been  appreci- 
ably exhausted  by  the  frightening.  This  induced  us  to  make  some 
observations  on  the  influence  of  emotional  disturbances  on  the  epi- 
nephrin content.    The  content  was  assayed  by  the  method  of  Folin, 

"  Cannon,  W.  B.,  and  de  la  Paz,  D.,  Am.  J.  Physiol.,  1911,  xxviii,  64. 
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Cannon,  and  Denis.*  They  compared  the  colorunetric  method  with 
the  blood  pressure  method  in  pithed  cats  as  described  by  Elliott 
and  state  that  the  two  methods  gave  the  same  results.  We  made 
comparisons  in  two  experiments  and  found  also  a  sufficiently  close 
agreement.  We  used  Ringer  extracts  of  adrenals  and  also  add 
extracts  prepared  according  to  the  directions  of  Folin,  Cannon,  and 
Denis. 

The  colorimetric  method  proved  to  be  satisfactory  for  the  com- 
parative estimations  with  which  we  were  alone  concerned.  WTiere 
only  small  differences  in  the  depth  of  the  tint  of  the  extracts  of  the 
two  glands  were  present,  we  always  checked  the  determinations 
with  the  standard  by  an  observation  in  which  the  extracts  of  the 
two  glands  were  directly  compared  with  each  other  in  the  Duboscq 
colorimeter.  The  determination  was  always  completed  within  3 
minutes,  at  most,  after  addition  of  the  sodium  carbonate  solution. 

Elliott  states  that  animals  killed  without  section  of  the  nerve  supply 
of  one  adrenal  show  equality  of  load  in  the  two  glands.  We  have 
seen  abundant  confirmation  of  this  statement,  although  occasionally 
a  difference  well  beyond  the  limits  of  error  of  the  epinephrin  assay 
exists,  possibly  more  frequently  in  dogs  than  in  cats  (Table  I).  A 
similar  equality  was  found  in  animals  dying  spontaneously,  either  of 
disease  or  after  operations  (Tables  XIII  and  XIV)  when  the  nerves 
of  both  glands  were  intact. 

TABLE    I. 


Species. 

Weight  of  adrenal. 

Epinephrin. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

Dog.... 

« 

Cat 

« 

gm. 

0.355 
1.485 

0.238 
0.241 

gm. 
0.354 

1.720 

0.231 
0.227 

mg. 
0.51 
1.64 

0.30 

0.30 

mg. 

0.51 
1.80 

0.26 
0.30 

Killed  with  amyl  nitrite  and  ether. 

"       by  bleeding  from  carotids. 
Thyroid  op)eration  24  hrs.  pre\aousIy. 
Killed  by  chloroform. 
Shot  through  head. 

*  Folin,  O.,  Cannon,  W.  B.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  nil,  477. 
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TABLE    n. 


No.  of  animal. 

Weight  of  adrenal. 

Epinephrin. 

Time  after 
operation. 

Duration  of 

Left. 

Right 

Left. 

Right. 

fright. 

Catl 

"     2 

"     3 

gm. 
0.261 
0.326 
0.225 
0.170 
0.210 
0.165 
0.154 
0.200 
0.450 
0.625 

gm. 

0.224 
0.250 
0.197 
0.176 
0.221 
0.188 
0.156 
0.196 
0.480 
0.621 

mg. 
0  28 
0.24 
0.20 
0.20 
0.25 
0.14 
0.16 
0.16 
0.67 
1.00 

jn?. 

0.22 
0.25 
0.16 
0.18 
0.24 
0.15 
0.18 
0.15 
0.67 
0.92 

days 

5      • 

5 

6 
14 
10 
33 
33 
33 

8 

5 

hrs. 
5 

5i 
6 

"     4 

5 
5 

"     5 

"     6 

"     7 

"     8 

Dog  1* 

5 

5 

5 

"    2+ 

5 

*  No.  1  was  a  small  dog. 
t  No.  2  was  a  large  male  dog. 
not  extend  into  the  abdomen. 


Wound  infected  superficially.     Infection  did 


Influence  of  Emotions  on  the  Epinephrin  Store  of  the  Adrenals. 

In  Table  II  the  results  of  eight  experiments  on  cats  and  two  on 
dogs  are  given.  In  the  cats  all  the  fibers  coming  to  the  left  semi- 
lunar ganglion,  including  the  major  and  minor  splanchnics,  had  been 
divided  according  to  Elliott's  method.  All  operations  were,  of 
course,  performed  under  ether  anesthesia.  Control  experiments  with 
morphine  and  with  /3-tetra  showed  that  we  invariably  produced  with 
these  drugs  the  differential  action  on  the  two  adrenals  described  by 
Elliott.  Confirmatory  evidence  of  the  correctness  of  our  technique 
was  afforded  by  the  marked  differential  efi'ect  observed  in  a  number 
of  the  cats  which  died  from  various  causes  (Table  XIV).  It  can. 
accordingly,  be  assumed  with  confidence  that  the  innervation  of  the 
left  adrenal  in  the  cats  used  for  the  experiments  was  eliminated 
sufficiently  to  show  definite  differential  exhaustion  of  the  right,  had 
the  emotional  disturbance  been  really  associated  with  exhaustion. 

Also,  the  length  of  time  between  the  operation  and  the  emotion  experiment 
was  sufiicient  to  allow  equality  of  load  to  be  reestablished  after  the  postoperative 
depletion  of  the  unprotected  adrenal,  as  was  shown  by  control  observations. 
For  example,  Cat  9  was  killed  suddenly  4  days  after  section  of  the  fibers  coming 
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to  the  left  semilunar  ganglion.  The  left  adrenal  weighed  0.330  gm.  and  contained 
0.37  mg.  of  epinephrin;  the  right  weighed  0.350  gm.  and  contained  0.37  mg.  Cat 
10  was  suddenly  killed  33  days  after  section  of  the  fibers  coming  to  the  left  semi- 
lunar ganglion.  The  left  adrenal  weighed  0.186  gm.  and  contained  0.17  mg.  of 
epinephrin;  the  right  weighed  0.200  gm.  and  contained  0.17  mg.  of  epinephrin. 
The  animals  were  subjected  to  emotional  excitation  for  5  to  6  hours  by  the 
presence  of  barking  dogs.  For  this,  the  cats  were  enclosed  in  small  cages  so 
constructed  that  it  was  imjwssible  for  the  dog  to  inflict  physical  injury  upon  the 
cat  or  to  come  in  contact  with  it.  The  stimulation  of  ordinary  sensory  nerves  was 
thus  excluded  as  a  factor.  One  of  the  observers  personally  took  charge  of  the 
experiment  from  beginning  to  end.  Of  course,  the  emotions  included  fright, 
anger,  fear,  etc.,  the  cats  showing  fight  from  time  to  time.  The  usual  signs  of 
sympathetic  stimulation,  dilatation  of  the  pupil,  erection  of  the  hairs  of  the  back 
and  taU,  etc.,  were  naturally  strongly  elicited. 

In  some  experiments  dogs  previously  prepared  by  interference  with 
the  innervation  of  one  adrenal  were  used  to  frighten  prepared  cats, 
two  experiments  on  emotional  disturbance  being  thus  done  with  the 
same  trouble  as  one.  Control  experiments  with  morphine  (Table  III) 
showed  that  the  operations  selected  permitted  a  good  differential 
effect,  and  this  was  confirmed  in  the  case  of  prepared  dogs  dead  of 
infections  (pneumonia)  (Table  XIV). 

In  Dog  2  (Table  II)  the  left  major  and  minor  splanchnics  were  cut  in  the 
abdomen.  In  Dog  1  the  same  ner\'es  were  divided,  but,  in  addition,  nerve  strands 
coming  towards  the  left  adrenal  from  the  liunbar  sympathetic  chain  were  severed. 

It  was  shown  by  experiments  with  morphine  that  in  dogs  division  of  the  major 
and  minor  splanchnics  suSices  to  give  a  differential  eflFect.  In  some  of  our  animals, 
however,  to  be  certain  that  enough  of  the  innervation  had  been  eliminated,  we 
excised  in  addition  the  two  lumbar  ganglia  next  below  the  diaphragm  and  cut 
any  strands  seen  coming  from  the  lumbar  sympathetic  chaia.  In  two  of  the 
animals,  three  lumbar  ganglia  were  removed,  including  one  above  the  diaphragm, 
which  was  perforated  for  the  purpose.  Not  all  these  animals  were  employed 
for  the  observations  on  emotion;  but  to  save  repetition  the  operations  used  also 
for  the  morphine  experiments,  to  be  discussed  in  the  next  section,  are  given  here. 
Some  of  the  morphine  experiments  are  mentioned  in  this  section,  since  they 
serve  as  controls  to  show  that  the  operations  relied  on  were  eflfective. 

It  was  found  that  section  of  the  major  splanchnic  only  was  not  sufficient  to 
give  differential  protection  against  exhaustion  of  the  epinephrin  store  imder 
morphine  (Dog  9,  Table  III).  Individual  variations,  of  course,  pwssibly  exist  in 
different  dogs  in  this  regard.  In  a  dog  (No.  17,  Table  XIV)  dead  of  pneimionia, 
13  days  after  division  of  the  left  major  splanchnic,  the  right  gland  removed  after 
death  was  found  to  be  exhausted  relatively  to  the  left  (0.31  mg.  of  epinephrin  as 
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compared  with  0.50  mg.).  In  another  dog  (No.  18)  also  dead  of  pneumonia,  14 
days  after  section  of  the  left  major  and  minor  splanchnics,  excision  of  the  two 
lumbar  ganglia  immediately  below  the  diaphragm,  and  section  of  the  strands  going 
to  the  semilunar  ganglion,  marked  protection  of  the  load  of  the  left  adrenal  as 
compared  with  the  right  was  found  (0.30  mg.  in  the  left,  0.08  mg.  in  the  right). 

There  is  no  doubt  then,  that  the  operations  practised  by  us  would 
have  sufficed  to  reveal  a  relative  exhaustion  of  the  epinephrin  store 
in  the  gland  with  the  intact  nerve  supply  under  the  influence  of 
emotions,  had  such  emotions  been  capable  of  causing  exhaustion. 

It  will  be  seen  from  Table  II  that  neither  in  the  cats  nor  in  the  dogs 
is  there  any  clear  and  constant  deficiency  in  the  epinephrin  load  of 
the  right  (still  innervated)  adrenal  as  compared  with  the  left  (dener- 
vated)  gland.  A  difference  of  the  same  order  of  magnitude  as  that 
in  Cat  1  may  occasionally  be  seen  in  cats  suddenly  killed  without 
operation  (Table  I).  Our  experiments  yield  no  evidence  that  under 
emotional  stress  epinephrin  is  poured  out  into  the  blood  in  such 
quantities  as  to  produce  a  decided  impression  upon  the  epinephrin 
store.  In  observations  on  the  spontaneous  liberation  of  epinephrin 
under  experimental  conditions,^  we  were  struck  by  the  steadiness 
rather  than  by  the  mobility  of  the  rate  of  discharge.  Attempts  to 
produce  acute  changes  in  the  rate  in  various  ways  were  always  with- 
out success.  We  were  never  fortunate  enough  to  test  adrenal  vein 
blood  at  a  moment  when  an  outburst  was  taking  place. 

Whether  experiments  on  the  epinephrin  content  of  the  adrenals 
under  the  influence  of  emotional  disturbance  continued  for  a  much 
longer  time  would  yield  a  diff^erent  result,  we  have,  of  course,  no 
evidence.  If  the  rate  at  which  epinephrin  passes  into  the  blood  were 
increased  by  fright  it  is  conceivable  that  the  rate  at  which  it  is  built 
up,  accelerated  at  first  to  keep  the  balance  even,  would  eventually 
decline,  thus  permitting  a  deficiency  in  the  load  to  be  established. 

Is  the  Morphine  Depletion  in  Cats  Due  to  Fright? — If  emotion  per 
se  does  not  cause  exhaustion  of  the  epinephrin  store  the  question 
at  once  arises  whether  the  morphine  effect  in  cats  ought  to  be  attrib- 
uted to  associated  fright  or  to  some  other  action  of  the  drug.  An 
easy  way  of  testing  this  was  afforded  by  the  well  known  difference 

*  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  J.  Pharm.  and  Exp.  Therap.,  1916,  viii,  479. 
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in  the  action  of  morphine  upon  cats  and  dogs.  In  dogs  no  signs  of 
fright  are,  of  course,  produced.  VVTiat  happens,  then,  to  the  epi- 
nephrin  load  of  the  unprotected  adrenal  in  dogs,  as  compared  with 
that  of  the  denervated  gland,  when  morphine  is  administered? 
Elliott's  result  on  morphinized  cats  is  easily  confirmed,  but  it  is 
scarcely  more  difficult  to  prove  that  the  same  qualitative  result  is 
obtained  on  dogs.  Accordingly  we  do  not  think  that  fright  has  any- 
thing to  do  with  the  morphine  eflFect  in  cats. 

TABLE    in. 
Morphine  Effect  on  Epinepkrin  Store  in  Dogs. 


No.  of 
animal. 

Weight  of 
adKoal. 

Epinei^iriii. 

Time 
after 
opera- 
tion. 

Mor- 
phine. 

Dura- 
tion of 
mor- 
phine 
action. 

Left. 

Right. 

Left. 

Right. 

im. 

Sm. 

mi. 

mt. 

days 

mt. 

hrs. 

3 

0.468 

0.506 

0.83 

0.67 

^~3 

125* 

7 

Major  and  minor  splandmics. 

4 

0.430 

0.384 

0.67 

0.37 

4 

125 

8i 

«        «        «             « 

5 

0.280 

0.284 

0.36 

0.23 

10 

150 

8 

«        i(        «             « 

6 

0.372 

0.420 

0.42 

0.30 

15 

75 

8 

«        «        «             « 

and  2  lumbar  ganglia  and 
chain  excised  below  dia- 
phragm. 

7 

0.550 

0.565 

0.30 

0.21 

11 

80 

8 

Major  and  minor  splanch- 
nics,  2  ganglia  below,  and  1 
above  diaphragm. 

8 

0.711 

0.754 

0.97 

0.98 

150 

n 

Control.     No  operation. 

9 

0.435 

0.466 

0.50 

0.50 

10 

150 

8 

Major  splanchnic  onl}-. 

10 

0.346 

0.380 

0.33 

0.27 

12 

150 

8 

Only  major  splanchnic  cer- 
tainly cut. 

*  Morphine  was  given  in  two  doses  in  all  the  animals,  except  No.  3,  in  which 
it  was  given  in  one  dose. 

Table  III  illustrates  the  results  obtained  with  morphine  in  dogs. 
Remembering  that  section  of  the  major  splanchnic  alone  does  not 
protect,  or  at  least  not  constantly  (Dogs  6  and  7),  the  reader  will 
see  that  there  is  uniformly  a  definite  deficiency  of  epinephrin  in  the 
right  (innervated)  gland  as  compared  with  the  left  (denervated) 
gland.  A  control  am'mal  (No.  8)  morphinized  for  7|  hours  (without 
operation)  had  an  equal  load  in  the  two  adrenals. 
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TABLE   IV. 
Control  Dogs  Suddenly  Killed. 


No.  of 
animal. 

Weight  of 
adrenal. 

Epinephrin. 

Time  after 
operation. 

Nervci  cut. 

Left. 

Right. 

Left. 

Right. 

11 

12 
13 

gm. 
0.640 
0.400 
0.640 

gm. 

0.627 
0.408 
0.550 

mg. 
1.50 
0.72 
0.83 

mg. 
1.20 

0.72 
0.83 

20  hrs. 
9  days. 
4     " 

Major  and  minor  splanchnics. 
«        <(        «             <( 

«        «        «             « 

In  Table  IV  results  are  shown  on  control  dogs,  with  major  and  minor 
splanchnics  cut,  which  were  killed  without  being  subjected  to  the  action 
of  morphine.  The  load  in  the  two  adrenals  is  seen  to  be  equal,  ex- 
cept in  Dog  11,  which  was  killed  20  hours  after  the  operation.  In  this 
animal,  as  will  be  shown  in  the  section  on  the  postoperative  deficit, 
the  deficiency  in  the  right  (unprotected)  adrenal  no  doubt  represents 
merely  the  deficiency  invariably  seen  after  an  operation  and  which 
has  not  been  recouped  in  the  short  interval  of  20  hours. 

That  signs  which  might  be  interpreted  as  those  of  fright  are  present 
in  cats  under  morphine  is,  of  course,  not  doubtful.  Whether  this 
interpretation  is  correct  might  be  difficult  to  decide,  and  does  not 
concern  us  here.  It  is,  however,  of  interest  to  note  that  epineph- 
rin seems  to  have  nothing  to  do  with  those  signs. 

The  signs  of  morphine  fright  can  all  be  elicited  by  administering 
morphine  to  a  cat  in  which  one  adrenal  has  been  removed  and  the 
splanchnic  supply  of  the  other  cut  and  in  which  accordingly  no  Hber- 
ation  of  epinephrin  through  the  splanchnics  takes  place.  A  cat  in 
this  condition  behaves  identically  in  the  same  way  as  a  cat  whose 
adrenal  splanchnic  supply  has  been  cut  on  one  side  but  left  intact 
on  the  other.  The  pupils  are  widely  dilated  and  there  is  the  same 
characteristic  restlessness  and  incessant  movement.  The  content 
of  epinephrin  in  the  remaining  adrenal  of  the  first  cat  is  found  to  be 
practically  the  same  as  that  of  the  adrenal  removed  before  the  ad- 
ministration of  morphine,  while  the  content  of  the  adrenal  with  intact 
splanchnic  supply  in  the  second  cat  is  definitely  diminished. 

The  dilatation  of  the  pupil  of  the  denervated  eye,  and  the  pilo- 
motor effects  associated  with  fright  and  anger  were  also  observed 
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in  cats  after  removal  of  one  adrenal  (right)  and  section  of  the  nerves 
of  the  other,  when  the  animals  were  frightened  by  a  dog  and  in  other 
ways. 

Observations   were   made   on   four    cats  (Table  V)  in  this  way, 

TABLE  V. 
Cols  with  the  Right  Adrenal  Removed  and  Nerves  of  the  Left  Adrenal  Cut. 


No.  of 

Weight  of  adrenal. 

Epinephrin. 

Time  after 
operation. 

Remaps. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

days 

11 

0.316 

0.302 

0.25 

0.30 

1 

Died. 

12 

0.280 

0.280 

0.19 

0.28 

9 

« 

13 

0.270 

0.250 

0.28 

0.14 

3 

Killed  by  ether. 

14 

0.220 

0.168 

0.08* 

0.18 

37 

"         after  exp>eriments. 

*  The  left  adrenal  was  massaged  before  removal,  in  the  course  of  an  experiment. 

They  all  yielded  the  same  results.  Sudden  fright,  as  by  hitting  or 
jerking  the  holder,  caused  dilatation  of  both  pupils  instantaneously; 
that  is,  after  an  interval  too  short  to  be  measured  with  a  stop- 
watch and  certainly  far  shorter  than  the  interval  required  when  re- 
actions are  evoked  in  a  denervated  eye  by  epinephrin.  Frightening 
by  a  dog  also  caused  good  dilatation  of  the  pupil  on  the  side  on  which 
the  superior  cervical  ganglion  had  been  removed,  as  well  as  of  the 
normal  pupil.  In  certain  animals  the  dilatation  produced  by  fright  was 
sometimes  even  greater  than  in  the  normal  eye,  although  in  other 
observations  on  the  same  animals  it  might  be  less.  In  other  animals 
the  dilatation  although  quite  marked  was  never  so  great  as  in  the 
normal  eye. 

When  the  animals  were  etherized  the  pupil  of  the  denervated  eye 
in  every  case  dilated  more  widely  than  that  of  the  normal  eye.  The 
same  was  true  when  a  moderate  degree  of  asphyxia  was  produced. 
In  some  of  the  animals  repeated  observations  were  made  on  the  effect 
of  fright,  asphyxia,  and  etherization  at  different  periods  after  the 
operation  up  to  5  weeks,  always  with  the  same  result.  In  one  of  the 
cats  (No.  14)  an  experiment  was  eventually  made  to  determine  whether 
any  detectable  amount  of  epinephrin  was  being  given  off  in  the  blood 
of  the  adrenal  vein,  with  an  entirely  negative  result.* 
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No  difference  could  be  seen  in  the  pupil  and  pilomotor  reactions 
between  these  animals  and  control  cats  in  which  one  superior  cervical 
ganglion  had  been  excised  without  interference  with  the  adrenals. 

In  cats  our  observations  on  the  effect  of  morphine  upon  the  epi- 
nephrin  store  of  the  adrenals  agree  with  Elliott's.  For  example,  in 
Cat  15  the  connections  of  the  left  semilunar  ganglion  were  cut  and 
5  days  later  50  mg.  of  morphine  were  injected.  After  8  hours  the 
cat  was  killed.  The  left  adrenal  weighed  0.212  gm.  and  contained 
0.24  mg.  of  epinephrin.  The  right  adrenal  weighed  0.209  gm.  and 
contained  0.14  mg.  of  epinephrin. 

In  interpreting  the  depletion  of  the  store  seen  after  the  long  con- 
tinued action  of  morphine,  ether,  urethane,  and  other  anesthetics 
the  possibility  must  not  be  lost  sight  of  that  the  rate  of  formation  or 
of  accumulation  of  epinephrin  in  the  adrenal  may  be  diminished  by 
the  drugs.  This  would  cause  depletion  of  the  store  if  the  rate  of 
liberation  continued  unchanged,  just  as  surely  as  an  increased  rate 
of  discharge  would  cause  depletion  if  the  rate  of  formation  remained 
the  same. 

Is  the  Depletion  of  the  Epinephrin  Store  under  the  Influefice  of  fi-Tetra- 
hydronaphthylamine  in  Cats  Due  to  Fright? — Elliott  has  shown  that 
in  the  cat  /3-tetrahydronaphthylamine  causes  marked  depletion  of 
the  epinephrin  store  of  an  adrenal  whose  nerve  supply  is  intact  as 
compared  with  its  fellow  whose  nerve  supply  has  been  previously 
severed.  We  can  confirm  this  statement.  For  example,  in  Cat  16, 
3  days  after  section  of  the  nerve  supply  on  the  left  side  3  cc.  of  a  2 
per  cent  solution  of  the  drug  were  injected.  After  8  hours  the  cat 
was  killed.  The  left  adrenal  weighed  0.240  gm.  and  contained  0.22 
mg.  of  epinephrin.  The  right  adrenal  weighed  0.200  gm.  and  con- 
tained only  a  trace  of  epinephrin. 

Elliott  associates  the  exhaustion  of  the  epinephrin  store  in  the  cat 
with  the  emotional  alarm  indicated  by  the  behavior  of  the  animal, 
the  wide  dilatation  of  the  pupil,  etc.  Having  found  reason  to  doubt 
the  interpretation  of  the  morphine  effect  on  cats  as  due  to  emotional 
disturbance,  the  obvious  suggestion  occurred  to  us  to  try  the  effect 
of  iS-tetra  upon  the  epinephrin  store  in  the  rabbit,  an  animal  in  which, 
according  to  Mutch  and  Pembrey,^  the  symptoms  "give  the  impression 

«  Mutch,  N.,  and  Pembrey,  M.  S.,  J.  Physiol,  1911,  xliii,  109. 
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that  the  drug  produces  a  state  of  increased  psychic  activity  accom- 
panied by  muscular  action  appropriate  to  the  emotions." 

It  did  not  prove  easy,  however,  to  devise  an  operation  which  gave  with  con- 
stancy a  good  differential  effect  on  the  two  adrenals.  According  to  Kahn^  and 
to  Nishi,*  the  right  adrenal  in  the  rabbit  seems  to  derive  from  the  left  splanchnic  a 
portion  of  the  nerve  supply  concerned  in  changes  in  the  epinephrin  store  and  in 
the  liberation  of  epinephrin.  Nishi  was  led  to  this  conclusion  by  investigations 
on  the  glycosuria  and  hyperglycemia  caused  by  diuretin,  and  Kahn  by  the  results 
of  his  experiments  on  the  relation  of  the  adrenals  to  pimcture  glycosuria. 

We  tried  a  number  of  different  operations  to  see  whether  such  a  differential 
effect  on  the  epinephrin  store  as  that  described  in  the  section  on  the  postopera- 
tive deficit,  or  as  that  caused  by  urethane,  ether,  and  morphine  in  cats  and  dogs, 
or  by  /3-tetra  in  cats  could  be  produced. 

TABLE    VI. 

Experiments  on  Rabbits  in  Which  the  Right  Major  and  Minor  Splanchnics  Were 

Divided. 


No.  of 
animal. 

Weight  of 
adrenal. 

Epinephrin. 

rime 
between 
operation 

Remarks. 

Left. 

Right. 

Left. 

Right. 

and  death. 

gm. 

gm. 

mg. 

mg. 

1 

0.176 

0.152 

0.16 

0.14 

14  daj^. 

Killed  without  drugs. 

2 

0.160 

0.160 

0.10 

0.10 

11      " 

«           «          « 

3 

0.362 

0.300 

0.23 

0.23 

7hrs. 

«            «          « 

4 

0.290 

0.240 

0.13 

0.12 

14  days. 

3  CO.  2  per  cent  /3-tetra,  8  hrs.  before 
being  kUled. 

5 

0.250 

0.224 

0.11 

0.10 

11     " 

5  cc.  2  per  cent  /3-tetra,  7  hrs.  before 
being  killed. 

6 

0.175 

0.180 

0.10 

0.11 

14     " 

50  mg.  morphine,  8  hrs.  before  being 
kiUed. 

Table  VI  shows  the  results  of  experiments  in  which  the  right  major 
and  minor  splanchnics  were  divided  in  the  abdomen.  As  will  be 
seen,  the  results  were  negative.  Even  in  Rabbit  3,  which  was  killed 
7  hours  after  the  operation,  the  content  was  precisely  the  same  in 
the  two  adrenals.  In  other  words,  there  was  no  postoperative  def- 
icit in  the  left  adrenal  after  section  of  the  right  major  and  minor 

'  Kahn,  R.  H.,  Arch.  ges.  Physiol,  1911,  cxl,  209. 

«  Nishi,  M.,  Arch.  exp.  Path.  u.  Phartn.,  1909,  Ixi,  401. 
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TABLE    VII. 

Experiments  on  Rabbits  in  Which  the  Left  Major  and  Minor  Splanchnics 

Were  Divided. 


No.  of 
animal. 

Weight  of 
adrenal. 

Epinephrin. 

Time  after 
operation. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

{.'»». 

««. 

mg. 

7 

0.390* 

0.250 

0.13 

0.14 

3  days. 

Major  and  minor  splanchnics  cut.  50  mg. 
morphine,  8  hrs.  before  being  killed. 

8 

0.280 

0.270 

0.11 

0.10 

1  day. 

Major  and  minor  splanchnics  cut,  and  1 
ganglion  near  lumbar  vein  cut  out. 
Died  spontaneously. 

9 

0.400 

0.280 

0.20 

0.13 

14  days. 

Major  and  minor  splanchnics  and  strand 
from  lumbar  chain  cut.  70  mg.  mor- 
phine in  2  doses,  9  hrs.  before  being 
kiUed. 

lb 

0.276 

0.218 

0.17 

0.18 

5     " 

Major  and  minor  splanchnics  cut.  5  cc. 
2  per  cent  j(3-tetra,  6  hrs.  before  being 
kiUed. 

11 

0.309 

0.270 

0.18 

0.16 

3     " 

Major  and  minor  splanchnics  cut.  5  cc. 
2  per  cent  /3-tetra,  8  hrs.  before  being 
killed. 

12 

0.296 

0.270 

0.11 

0.11 

11    " 

Major  and  minor  splanchnics  torn  from 
origin  through  diaphragm  and  first 
2  ganglia  below  diaphragm  excised.  5 
cc.  2  per  cent  /8-tetra,  8  hrs.  before 
being  killed. 

13 

0.250 

0.216 

0.20 

0.14 

12     " 

Major  and  minor  splanchnics,  2  ganglia, 
and  strand  from  chain  cut.  5  cc. 
/3-tetra,  6  hrs.  before  being  killed. 

14 

0.300 

0.300 

0.20 

0.20 

14    " 

Major  and  minor  splanchnics  and  1  strand 
cut.  5  cc.  /3-tetra,  9  hrs.  before  being 
killed. 

15 

0.220 

0.180 

0.18 

0.16 

14    " 

Major  and  minor  splanchnics  and  2  gan- 
glia cut.  5  cc.  |5-tetra,  8  hrs.  before 
being  killed. 

16 

0.200 

0.161 

0.16 

0.15 

3     " 

Left  semilunar  ganghon  excised.  5  cc. 
/3-tetra,  8  hrs.  before  being  killed. 

17 

0.116 

0.104 

0.11 

0.10 

Ur.t 

Major  and  minor  splanchnics  cut.  Killed 
as  control. 

*  Edema  of  left  adrenal. 

t  From  beginning  of  anesthesia  till  end  of  operation,  25  minutes.  Animal 
killed  \  hr.  after  operation.  The  time  is  too  short  for  a  decided  postoperative 
effect. 
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splanchnics,  the  operation  affording  no  protection  to  the  epinephrin 
store  of  the  right  gland  as  compared  with  that  of  the  left. 

The  Epinephrin  Store  in  Postoperative  Edema  of  the  Adrenal. — Divi- 
sion of  the  left  major  and  minor  splanchnics  was  next  performed  on  a 
series  of  rabbits.  Sometimes,  in  addition,  strands  seen  coming  from 
the  lumbar  chain  were  divided  and  limibar  ganglia  excised.  The 
results  are  shown  in  Table  \TI.  They  are  complicated  to  a  con- 
siderable extent  by  the  fact  that  edema,  to  which  the  rabbit's  adrenals 
seem  to  be  susceptible  after  operations  in  their  vicinity,  developed 
in  some  of  the  experiments.  This  edema  is  associated  with  great 
depletion  of  the  epinephrin  store  of  the  affected  gland.  After  a 
time  the  edema  disappears  and  the  epinephrin  reaccumulates.  It  is 
obvious  that  if  observations,  on  the  effect  of  morphine  or  of  /3-tetra 
for  example,  are  made  on  an  animal  in  which  edema  of  the  left  adrenal 
is  still  present,  a  genuine  diminution  in  the  epinephrin  content  of 
the  right  gland  may  be  comprletely  masked.  In  spite  of  this  com- 
plication, however.  Table  VII  indicates  that  section  of  the  left  major 
and  minor  splanchnics  does,  in  some  rabbits  at  least,  produce  a  real 
differential  effect,  in  contrast  to  the  entirely  negative  results  on 
section  of  these  nerves  on  the  right  side  shown  in  Table  VI. 

Thus,  in  Rabbit  9,  which  received  morphine  14  days  after  the  operation  the 
left  adrenal  contained  0.20  mg.  and  the  right  only  0.13  mg.  It  is  practically 
certain  that  the  other  morphine  experiment  in  the  table  (Rabbit  7)  would  have 
shown  a  similar  result  but  for  the  edema  of  the  left  gland,  which  was  marked. 
Control  observations  prove  that  a  gland  with  this  degree  of  edema,  3  days  after 
operation,  never  contains  nearly  so  much  epinephrin  as  its  fellow.  There  is, 
therefore,  every  reason  to  believe  that  before  the  morphine  was  given  the  content 
of  the  right  adrenal  in  this  animal  was  considerably  higher  than  that  of  the 
left.  Since  after  the  morphine  period  there  is  practical  equality  in  the  two 
glands,  a  considerable  depletion  of  the  store  must  be  assumed  to  have  taken 
place.  In  the  dog  and  cat  we  have  not  seen  the  occurrence  of  edema  of  an  adrenal 
in  consequence  of  an  of>eration  in  its  neighborhood.  Nor  was  there  any  edema 
in  the  right  adrenal  of  the  rabbit  in  the  experiments  in  which  the  right  major 
and  minor  splanchnic  nerves  were  severed,  f>ossibly  because  the  nerves  on  the 
right  side  were  divided  somewhat  farther  from  the  gland  than  those  on  the  left 
side  and  there  was  accordingly  less  risk  of  interference  with  the  lymphatics  of 
the  right  gland.  It  is  also  possible  that  the  mere  section  of  the  nerves  is  a  fac- 
tor in  the  development  of  edema,  and  if  the  right  adrenal  in  the  rabbit  derives 
part  of  its  innerv  ation  from  the  left  splanchnics,  division  of  the  right  splanchnics 
alone  wovild  not  be  so  likely  to  affect  it. 
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We  next  tried  division  of  the  fibers  between  the  left  semilunar 
ganghon  and  the  adrenal,  combined  with  free  separation  of  the  gland 
from  the  surrounding  connective  tissue  by  passing  a  blunt  dissecting 
instrument  around  the  greater  part  of  its  circumference,  in  the  hope 
of  destroying  most  of  the  innervation  of  the  left  adrenal  while  leaving 
intact  such  part,  if  any,  of  the  innervation  of  the  right  adrenal  as 
may  come  from  the  left  splanchnic.  As  expected,  edema  of  the  gland 
developed,  with  the  concomitant  decrease  in  the  epinephrin  content 
already  alluded  to,  only  the  merest  trace  being  sometimes  found. 
When  a  sufficient  interval  was  allowed  to  elapse  the  edema  cleared 
up  and  the  store  of  epinephrin  was  replenished.  The  results  are 
shown  in  Table  VIII.  The  marked  postoperative  deficit  seen  in 
Rabbit  22,  killed  5  hours  after  the  operation,  shows  that  the  left 
gland  was  well  protected  relatively  to  the  right  by  the  operation. 
Edema  of  the  left  had  not  had  time  to  develop  in  the  few  hours  which 
had  elapsed.  In  Rabbit  21,  killed  half  an  hour  after  the  operation, 
no  postoperative  deficit  was  shown,  the  time  being  too  short.  This 
indicates  that  the  marked  depletion  of  the  stock  of  epinephrin  through 
the  splanchnic  nerves  which  follows  surgical  operations  develops 
gradually.  A  number  of  the  animals  were  killed  as  controls  to  deter- 
mine the  time  necessary  for  recuperation  of  the  epinephrin  store. 

In  7  days  (Rabbit  18)  the  content  of  the  left  adrenal  was  not  yet  equal  to  that 
of  the  right.  In  4  days  (Rabbit  20)  the  depletion  associated  with  the  edema  had 
reached  its  maximum,  only  a  trace  of  epinephrin  being  present  in  the  left  adrenal. 
In  1  day  (Rabbit  19).  on  the  other  hand,  the  left  adrenal  contained  if  anything, 
rather  more  than  the  right,  the  postoperative  effect  on  the  right  (innervated) 
gland  in  all  probability  having  not  yet  entirely  disappeared,  and  the  edema 
effect  on  the  left  not  having  attained  its  maximum,  as  is  indicated  by  the  relatively 
small  excess  of  weight  of  the  left  gland.  In  Rabbit  28,  which,  like  Rabbit  20, 
showed  marked  edema  of  the  left  gland  after  4  days,  no  epinephrin  reaction  what- 
ever was  obtained  from  that  gland. 

Such  observations  as  were  made  with  /3-tetra  and  with  morphine  and  other 
drugs  on  animals  prepared  in  this  way  did  not  yield  decisive  results  for  our  im- 
mediate purpose,  as,  in  the  absence  of  a  sufficient  number  of  control  animals  kept 
for  several  weeks,  it  is  not  possible  to  be  sure  that  equality  in  the  epinephrin  con- 
tent of  the  two  gland*  had  been  reached  before  the  drugs  were  administered. 

The  results,  however,  seem  worthy  of  being  recorded  because  of 
the  way  in  which  they  illustrate  the  depletion  of  the  epinephrin  store 
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TABLE    Vin. 

Experiments  an  Rabbits  in  Which  the  Nerves  between  the  Left  Semilunar  Ganglion 

and  the  Gland  Were  Divided  and  the  Gland  Was  Separated 

from  the  Surrounding  Tissue. 


No.  of 

Weight  of 
adrenal. 

Epinephrin. 

Time  after 
operation. 

Remarks. 

animal. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

18 

0.304 

0.173 

0.22 

0.33 

7  days. 

Killed  without  drugs. 

19 

0.170 

0.134 

0.13 

0.11 

1  day. 

«                       U                   It 

20 

0.440 

0.210 

Trace. 

0.24 

4  days. 

«            «          « 

21 

0.252 

0.210 

0.24 

0.27 

^hr.* 

«            «          « 

22 

0.140 

0.146 

0.11 

Trace. 

5hrs. 

«            «          <( 

23 

0  154 

0.120 

0.12 

0.12 

15  days. 

3  gm.  urethane  6?  hrs.  before  being 
kiUed. 

24 

0.175 

0.156 

0.11 

0.11 

17     " 

Ether  for  2^  hrs.     Died  of  ether. 

25 

0.390 

0.330 

0.20 

0.15 

4     " 

5  cc.  2  per  cent  /3-tetni.     Died  in  6  hrs. 

26 

0.180 

0.122 

0.14 

0.12 

7     " 

3  cc.  2  per  cent  /3-tetra,  8  hrs.  before 
being  killed. 

27 

0.190 

0.152 

0.21 

0.21 

14     " 

3  cc.  2  per  cent  /3-tetra,  8  hrs.  before 
being  killed. 

28 

0.310 

0.200 

0.00 

0.11 

4     " 

50  mg.  morphine,  85  hrs.  before  being 
killed. 

29 

0.326 

0.228 

0.14 

0.24 

7     " 

50  mg.  morphine,  6  hrs.  before  being 
killed. 

*  From  beginning  of  anesthesia  till  end  of  operation  was  i  hr. 
\  hr.  after  operation. 


Animal  killed 


by  conditions  leading  to  edema  of  the  glands  after  complete  or  at 
least  extensive  section  of  their  secretory  nerves  and  the  rate  of  re- 
cuperation of  the  store  of  the  denervated  glands.  It  is  probable 
that  if  the  animals  were  kept  longer  the  operation  could  be  used  to 
make  tests  for  differential  effects  on  the  two  adrenals. 


Finally  we  tried  division  of  the  nerves  between  the  semilunar  ganglion  and  the 

left  adrenal,  with,  in  addition,  section  of  any  strands  seen  coming  from  the  lum- 
bar sympathetic  towards  the  adrenal  and  excision  of  one  or  two  of  the  sym- 
pathetic ganglia  next  below  the  diaphragm.  Care  was  taken  to  avoid,  as  far  as 
possible,  interference  with  the  gland.  This  operation  gave  the  best  results  as 
regards  constancy  of  effect,  although  even  here  the  marked  differences  so  easily 
obtained  in  dogs  and  cats  were  not  seen. 
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TABLE    rX. 


Experiments  on  Rabbits,  in  All  of  Which  the  Nerves  Were  Divided  between  the  Left 

Semilunar  Ganglion  and  the  Adrenal  without  Disturbance  of  the  Gland.    In 

Some  of  the  Animals  Portions  of  the  Lumbar  Sympathetic  Chain 

Were  Also  Cut  or  Excised. 


No.  of 
uumal. 

Weight  of  adrenal. 

Epinephrin. 

Time  after 
operation. 

Remarks. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

30 

0.324 

0.276 

0.18 

0.14 

14  days. 

5  cc.  2  per  cent  j8-tetra,  8 
hrs.  before  being  killed. 

31 

0.300 

0.260 

0.24 

0.20 

10      " 

5  cc.  2  per  cent  /3-tetra,  8 
hrs.  before  being  killed. 

32 

0.188 

0.155 

0.15 

0.13 

9      " 

2  ganglia  nearest  diaphragm 
excised.  5  cc.  2  per  cent 
/3-tetra,  8  hrs.  before  being 
killed. 

33 

0.140* 

0.103 

0.08 

0.08 

21      " 

Strands  crossing  aorta  cut. 
5  cc.  2  per  cent /9-tetra,  8^ 
hrs.  before  being  killed. 

34 

0,380 

0.400 

0.22 

0.22 

20      " 

1  ganglion  just  below  dia- 
phragm excised.  5  cc.  2 
per  cent  /S-tetra,  8  hrs. 
before  being  killed. 

35 

0.220 

0.182 

0.20 

0.16 

11      " 

1  ganglion  just  below  dia- 
phragm excised.  5  cc.  2  per 
cent  /3-tetra,  8  hrs.  before 
being  killed. 

36 

0.356 

0.314 

0.20 

0.16 

8i  hrs. 

Strands  crossing  aorta  cut. 
Killed  as  control. 

*  In  Rabbit  33  the  left  adrenal  was  found  bound  down  by  firm  adhesions. 


Table  IX  illustrates  the  findings.     In  Rabbit  36,  killed  to  determine  whether 
a  postoperative  deficit  had  been  established   in  the  right   (innervated)  gland, 
a  positive  result  was  obtained,  although  the  difference  was  by  no  means  as  large 
as  is  often  found  in  rabbits  when  one  adrenal  is  excised  and  the  other  with  its  in 
nervation  intact  left  in  for  several  hours  longer  (Table  XI). 

A  number  of  experiments  were  made  with  /3-tetra  on  animals  prepared  in  this 
way.  While  in  most  cases  some  deficiency  in  the  epinephrin  content  of  the  still 
innervated  gland  was  found  after  the  action  of  /9-tetra,  it  was  never  nearly  so 
great  as  in  cats. 

In  Rabbit  33  the  low  content  (0.08  mg.)  in  both  adrenals  is  worth  noting.  The 
left  gland  was  considerably  larger  than  the  right. and  was  still,  although  3  weeks 
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had  elapsed  since  the  op)eration,  bound  down  by  adhesions.  It  is  probable,  there- 
fore, that  the  epinephrin  store  had  not  yet  reached  the  initial  amount.  If  so, 
since  the  right  gland  also  contained  only  0.08  mg.  after  /3-tetra  had  acted  for 
8^  hours,  the  drug  must  have  caused  some  depletion  in  the  unprotected  right 
adrenal.  In  cats  after  Elliott's  operation  on  the  connections  of  the  semilimar 
ganglion,  we  have  not  seen  any  edema,  and,  as  he  states,  equality  of  the  epineph- 
rin content  of  the  two  glands  is  soon  estabhshed.  In  one  cat  (No.  17),  how- 
ever, which  was  killed  as  a  control,  11  days  after  the  operation  on  the  nerves 
of  the  left  adrenal,  the  gland  was  found  firmly  bound  down  by  adhesions  and  the 
epinephrin  content  was  decidedly  less  than  that  of  its  fellow.  The  left  adrenal 
weighed  0.398  gm.  and  contained  0.22  mg.  of  epinephrin.  The  right  adrenal 
weighed  0.371  gm.  and  contained  0.33  mg.  of  epinephrin. 

This  is  a  very  exceptional  result  and  was  probably  due  to  the  fact  that  we  hap- 
pened to  cut  a  vein  in  the  \ncinity,  and  in  securing  it  some  dissection  was  needed. 
Such  an  experiment  would,  of  course,  be  rejected  as  a  control. 

As  regards  the  question  raised  concerning  the  way  in  which  j8-tetra 
causes  exhaustion  of  the  epinephrin  store  in  cats,  it  is  exadent  that 
these  observations  do  not  lead  us  to  the  same  definite  conclusion  as 
in  the  question  concerning  the  mode  of  action  of  morphine.  The 
results,  indeed,  might  be  interpreted  as  in  favor  of  Elliott's  \dew  that 
the  emotional  disturbance  in  the  cat  is  the  eflScient  factor,  since  signs 
of  such  disturbance  are  less  marked  in  the  rabbit. 

It  must  be  kept  in  mind,  however,  that  the  rabbit  has  a  more 
limited  range  in  the  expression  of  emotion  than  the  cat,  and  /3-tetra 
certainly  produces  excitation  of  sympathetic  and  other  mechanisms 
which  may  be  concerned  in  this  expression.  The  pupil  is  widely 
dilated,  the  pulse  and  especially  the  respiration  are  markedly  ac- 
celerated. There  is  cutaneous  vasoconstriction,  the  ears  being 
distinctly  cool  and  the  ear  vessels  narrowed.  Usually  the  animals 
show  restlessness  and  sometimes  stamp  with  the  hind  feet.  The 
rectal  temperature  in  our  observations  rose  0.7-l°C. 

The  contrast  between  a  rabbit  under  morphine  and  a  rabbit  which 
has  received  |8-tetra  is  great.  Yet  it  is  easier  to  demonstrate  diminu- 
tion of  the  epinephrin  store  in  the  rabbit  by  morphine  than  by  /3-tetra. 
While  our  observations  on  morphine  seem  to  indicate  clearly  that 
fright  is  not  an  essential  factor  in  the  morphine  depletion,  it  would 
be  unwarranted  to  claim  that  our  observations  on  ^-tetra  show  that 
fright  is  not  the  cause  of  the  epinephrin  depletion,  so  convincingly 
demonstrated  by  Elliott  in  the  cat,  under  the  influence  of  that  drug. 
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It  may  be  permissible  to  point  out,  however,  that  one  drug  (morphine) 
which  causes  different  emotional  phenomena  in  the  cat  and  dog  pro- 
duces the  same  effect  on  the  epinephrin  store,  while  another  drug 
(j8-tetra)  which  causes  in  the  cat  and  rabbit  emotional  effects  of  the 
same  general  quality  and,  perhaps,  if  the  difference  in  the  emotional 
development  of  the  two  animals  is  taken  into  accoimt,  not  so  very 
unequal  in  degree,  affects  the  epinephrin  store  very  differently. 

Comparison  of  the  Epinephrin  Load  of  the  Two  Adrenals  in  Rabbits 
when  Removed  at  Different  Times. 

Some  experiments  on  rabbits  were  made  in  which  the  left  adrenal 
was  first  excised,  and  the  right  subsequently,  after  varying  periods  of 
time.  The  results  are  shown  in  Table  X.  It  will  be  seen  that  in  the 
five  animals  killed  without  drugs  (Nos.  37,  38,  39,  40,  and  41)  the  right 
adrenal  contains  more  epinephrin  than  the  left  contained  at  the  time 
of  excision.     Where  the  difference  is  small  it  could  be  accounted  for 


TABLE    X. 


Experiments  on  Rabbits  to  Determine  the  Load  of  the  Right  Adrenal  at  Varying 
Intervals  after  Removal  of  the  Left. 


No.  of 

Weight  of  adrenal. 

Epinephrin. 

Interval 

between 

excision  of 

Remarks. 

animal. 

Left. 

Right. 

Left. 

Right. 

2  adrenals. 

gm. 

gm. 

mg. 

mg. 

days 

37 

0.454 

0.470 

0.22 

0.28 

14 

Killed  without  drugs. 

38 

0.162 

0.190 

0.10 

0.13 

14 

«          «            « 

39 

0.312 

0.324 

0.14 

0.22 

17 

((          «            « 

40 

0.420 

0.346 

0.16 

0.33 

26 

«          «            « 

41 

0.270 

0.176 

0.13 

0.17 

18 

Abscess  at  site  of  operation, 
but  superficial.  Killed 
without  drugs. 

42 

0.158 

0.164 

0.16 

0.16 

16 

50  mg.  morphine,  7  hrs. 
before  removal  of  right 
adrenal. 

43 

0.450 

0.640 

0.22 

0.47 

16 

5  cc.  2  per  cent  /3-tetra,  9  hrs. 
before  removal  of  right 
adrenal. 

44 

0.288 

0.350 

0.18 

0.33 

16 

5  cc.  2  per  cent  /3-tetra,  9  hrs. 
before  removal  of  right 
adrenal. 
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by  the  diminution  of  the  epinephrin  load  in  both  adrenals  even  during 
the  short  operation  necessary  for  removal  of  the  left  adrenal.  But 
such  a  difference  as  that  seen  in  Rabbit  40,  in  which  the  interval 
between  the  removal  of  the  two  glands  was  greatest  is  too  large  to 
be  explained  in  this  way.  In  Rabbit  44  this  factor  was  taken  into 
account  by  removing  the  second  adrenal  by  an  operation  which  in 
duration  and  technique  as  nearly  as  possible  duplicated  the  first  oper- 
ation. It  must,  therefore,  be  concluded  that  the  load  of  the  remain- 
ing adrenal  in  most  of  the  animals  is  increased  above  its  amount  at 
the  time  of  excision  of  the  first  gland.  More  observations,  especiall}' 
with  longer  intervals,  would  be  necessary  to  make  sure  that  the 
remaining  adrenal  can  accumulate  more  epinephrin  than  is  ever  seen 
in  one  adrenal  when  both  are  present.  A  glance  at  the  other  tables 
which  give  results  on  rabbits  will  show  that  the  number  of  high  loads 
of  the  right  adrenal  in  Table  X  is  unusually  great  for  the  number  of 
animals,  and  this  is  suggestive. 

The  experiments  were  originally  undertaken  with  the  idea  that  if  the  right 
adrenal  regained  only  its  initial  content  after  the  operation  the  animals  could 
be  employed  for  testing  the  action  of  substances  like  morphine  or  /3-tetra  on  the 
epinephrin  store.  The  fact  that  the  load  increased  so  much  rendered  this  method 
too  uncertain.  The  difiference  in  the  result  in  Rabbit  42  which  received  morphine, 
and  Rabbits  43  and  41  which  received  |8-tetra,  is  nevertheless  striking.  The 
preponderance  of  the  content  of  the  right  adrenal  in  the  last  two  experiments  as 
compared  with  the  left  indicates  strongly  that  the  influence  of  /3-tetra  in  dis- 
charging the  right  adrenal  was  at  any  rate  not  great.  On  the  other  hand,  xinless 
Rabbit  42  was  the  single  exception  among  the  eight  animals  in  the  table,  some 
discharge  of  the  right  adrenal  must  have  been  occasioned  by  the  morphine,  since 
the  content  after  morphine  was  just  the  same  as  that  of  the  left  adrenal. 

Postoperative  Depletion  of  the  Epinephrin  Store. 

The  fact  has  already  been  alluded  to  that  during  and  for  some  time 
after  operations  a  more  or  less  progressive  decline  takes  place  in  the 
epinephrin  store  of  an  adrenal  whose  nerve  supply  is  intact  as  com- 
pared with  its  denervated  fellow.  The  phenomenon  was  well  illus- 
trated in  experiments  in  which  one  adrenal  was  removed,  and  then 
after  varying  intervals  of  time  the  other.  The  exact  opposite  of  the 
results  shown  in  Table  X  is  then  seen;  that  is,  a  marked  deficiency 
in  the  second  adrenal  as  compared  with  the  first.     For  example,  in 
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Rabbit  45  (Table  XI)  the  left  adrenal  was  excised  and  contained  0.37 
mg.  of  epinephrin.  The  wound  was  sewed  up,  the  whole  operation 
lasting  20  minutes,  and  after  8^  hours  the  right  adrenal  was  removed. 
It  contained  only  0.13  mg.  of  epinephrin. 


TABLE    XI. 


Experiments  Showing  Postoperative  Depletion  of  Epinephrin  Stare  of  One  Adrenal 
as  Compared  with  the  Other  Removed  at  Operation. 


No.  of  animal. 

Weight  of  adrenal. 

Epinephrin. 

Interval 
between  ex- 
cision of 
2  adrenals. 

Left. 

Right. 

Left. 

Right. 

gm. 

gm. 

mg. 

mg. 

Rabbit  45 

0.394 

0.384 

0.37 

0.13 

8|hrs. 

Cat  18 

0.220 
0.205 

0.218 
0.238 

0.18 

0.22 

0.14 
0.25 

5        " 
2  days. 

"    19 

Rabbit  46 

0.318 

0.314 

0.20 

0.11 

6^  hrs. 

5  cc.  2  per  cent  /3-tetra, 
6|  hrs.  before  being 
killed. 

"       47 

0.092 

0.084 

0.14 

0.08 

7       " 

50  mg.  morphine,  7^  hrs. 
before  being  killed. 

"       48 

0.267 

0.238 

0.11 

0.09 

6§     " 

50  mg.  morphine,  6^  hrs. 
before  being  killed. 

"       49 

0.380 

0.408 

0.28 

0.12+ 

8       " 

50  mg.  morphine,  8  hrs. 
before  being  killed. 

Cat  20 

0.240 

0.300 

0.33 

0.20 

6       " 

50  mg.  morphine,  6  hrs. 

before  being  killed. 

"   21 :.. 

0.225 

0.258 

0.22 

0.14 

7       " 

50  mg.  morphine,  7  hrs. 
before  being  killed.     • 

"     22 

0.230 

0.221 

0.26 

0.26 

8       " 

Right  adrenal  excised 
and  nerves  of  left 
adrenal  cut.  50  mg. 
morphine  8  hrs.  before 
being  killed. 

Dog.  14 

0.354 

0.453 

0.67 

0.42 

8       " 

175  mg.  morphine  8  hrs. 
before  being  killed. 

"       15 

0.352 

0.360 

0.38 

0.30 

7       " 

200  mg.  morphine  7  hrs. 
before  being  killed. 

This  great  depletion  was  assuredly  not  present  at  the  end  of  the 
operation,  as  shown  in  other  experiments.  Etherization  for  20  or 
30  minutes  does  not  produce  a  great  impression  on  the  store  of  an 
adrenal  removed  at  the  end  of  that  time.     Unless,  then,  the  depletion 
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is  an  after-eflfect  of  the  short  etherization,  which  does  not  seem  likely, 
it  must  be  due  to  some  other  factor,  probably  the  sensory  stimu- 
lation acting  during  the  postoperative  period. 

Similar  results  in  animals  with  one  gland  protected  by  section  of  its  nerves 
have  already  been  given  in  other  tables;  for  example,  Rabbit  22  (Table  \7II). 
5  hours  after  section  of  the  nerves  of  the  left  adrenal,  the  animal  was  killed.  The 
right  adrenal  contained  only  a  trace  of  epinephrin,  the  left  0.11  mg.  In  the  same 
table  and  in  Table  VII  examples  are  given  where  in  half  an  hour  after  the  oper- 
ation practically  no  postoperative  difference  was  present. 

The  recuperation  of  the  store  is  usually  evident  in  1  day,  although  it  may  not 
then  be  complete.  For  instance,  in  Cat  19  (Table  XI),  2  days  after  removal  of 
the  left  adrenal  the  right  contained  0.25  mg.  as  compared  with  0.22  mg.  in  the 
left.  Probably  the  difference  represents  about  the  amount  by  which  the  store 
of  the  left  adrenal  was  diminished  during  the  short  operation  for  its  removal. 
Many  of  the  animals  received  morphine  immediately  after  excision  of  the  first 
adrenal  (always  the  left  except  in  Cat  22),  and  one  (Rabbit  46)  received  /9-tetra. 
The  effect,  if  any,  of  these  drugs  is  complicated  by  the  postoperative  depletion. 

Cat  22  shows  how  completely  section  of  the  nerve  supply  of  an  adrenal  pro- 
tects the  store  even  against  the  combined  effect  of  the  op>eration  and  morphine. 
All  preparations  having  been  made  to  insure  almost  simultaneous  removal  of 
one  adrenal  and  denervation  of  its  fellow,  the  right  adrenal  was  excised  in  5 
minutes,  and  the  nerves  of  the  left  adrenal  were  cut  within  the  next  2  minutes. 
Even  after  8  hours,  the  epinephrin  content  of  the  left  adrenal  was  precisely  the 
same  as  that  of  the  right;  namely,  0.26  mg. 

In  Table  XII  are  given  the  results  of  assays  of  the  adrenals  in  a  number  of 
e.xperiments  on  the  hberation  of  epinephrin  into  the  blood.*  All  except  the  first 
show  a  relatively  low  content,  since  the  nerves  were  cut  in  the  course  of  the  experi- 
ment, usually  some  hours  after  the  beginning.  WTiere  the  innervation  of  one 
adrenal  is  divided  after  several  hours  of  experimentation,  so  great  a  depletion  of 
the  epinephrin  store  of  both  glands  has  already  taken  place  that  subsequent 
division  of  the  nerves  of  the  other,  an  hour  or  two  later,  does  not  generally  estab- 
lish such  a  striking  difference  between  the  two  glands  as  when  the  nerves  on  one 
side  are  severed  at  the  beginning. 

In  Table  XIII  are  shown  the  epinephrin  assays  of  the  adrenals  obtained  in 
other  experiments  on  liberation  of  epinephrin.  In  these  the  innervation  of  the 
glands  was  not  interfered  with.  Equality  of  content  in  the  two  adrenals  of  the 
same  animal  is  well  shown.  While  there  are,  of  course,  variations  in  the  dif- 
ferent animals,  the  average  content  is  lower  than  that  of  the  cats  in  Tables  I 
and  II. 
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TABLE  XII. 

Depletion  of  the  Epinephrin  Store  of  the  Innervated  Adrenal  during  Physiological 

Experiments. 


No.  of  animal. 

Weight  of 
adrenal. 

Epinephrin. 

Dura- 
tion of 

Remarks. 

Left. 

Right. 

Left. 

Right. 

ment. 

gm. 

gm. 

mg. 

mg. 

hrs. 

Cat  23 

0.260 

0.286 

0.18 

0.25 

5 

Connections  of  right  semilunar 
ganglion  cut  11  days  before 
experiment. 

"     24 

0.230 

0.230 

0.17 

0.28- 

2h 

Connections  of  right  semilunar 
ganglion  cut  15  days  before  ex- 
periment. Used  for  liberation 
experiment  and  died  during  the 
experiment.  In  poor  condition; 
abortion  the  day  before. 

"     25 

0.204 

0.211 

0.10 

0.17 

5 

Right  major  and  minor  splanchnics 
cut  3|  hrs.  after  beginning  of  ex- 
periment. 

"26 

0.197 

0.201 

0.14 

0.16 

5h 

Right  sympathetic  (in  thorax)  cut 
21  hrs.  after  beginning  of  experi- 
ment. Left  sympathetic  cut  2j 
hrs.  later. 

"     27 

0.140 

0.140 

0.11 

0.11 

31 

Right  sympathetic  (in  thorax)  cut  3 
hrs.  after  beginning;  left  sym- 
pathetic cut  f  hr.  later. 

"     28 

0.204 

0.216 

0.17 

0.18 

4 

Both  sjonpathetics  cut  in  thorax,  2^ 
hrs.  after  beginning. 

'*     29  

0.120 

0.122 

0.18 

0.18 

2^ 

Both  sympathetics  cut  1  hr.  after 
beginning. 

"     30 

0.221 

0.228 

0.13 

0.14 

6 

Both  sympathetics  cut  5  hrs.  after 
beginning.  1  hr.  later,  adrenal.-^ 
massaged. 

"     31 

0.242 

0.234 

0.18 

0.16 

41 

Both  sympathetics  cut  3  hrs.  after 
beginning. 

"     32 

0.185 

0.200 

0.11 

0.09 

5^ 

Both  major  splanchnics  cut  4^  hrs. 
after  beginning. 

Dog  16 

0  524 

0.560 

0.41 

0.37 

6i 

Right  sympathetic  (in  thorax)  cut 
4?  hrs.  after  beginning,  left  sym- 
pathetic li  hrs.  later. 
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TABLE    Xm. 

Epinephrin  Content  in  Cats  Used  for  Experiments  under  Ur ethane  and  Ether  without 
Section  of  Nerves  to  Adrenals. 


N'o.  of  animal. 

Weight  of  adrenal. 

Epmephrin. 

Duration  of 

Left 

Right. 

Left. 

Right. 

ezperunent. 

gm. 

gm. 

mg. 

I"*. 

Im. 

33 

0.178 

0.164 

0.14 

0.14 

H 

34 

0.294 

0.290 

0.17 

0.16 

4 

35 

0.226 

0.224 

0.20 

0.19 

H 

36 

0.256 

0.238 

0.20 

0.19 

4i 

37 

0.330 

0.364 

0.18 

0.20 

5i 

Depletion  of  Epinephrin  Store  of  the  Innervated  as   Compared  with 

That  of  the  D enervated  Adrenal  in  Animals, 

Dead  of  Infections,  Etc. 

The  opportunity  of  making  these  observations  was  afforded  by 
the  death,  from  various  causes,  of  a  certain  number  of  animals  whose 
adrenal  nerve  supply  had  been  cut  on  one  side.  The  results  are 
given  in  Table  XIV.  Complete  or  almost  complete  depletion  of  the 
epinephrin  store  of  the  still  innervated  gland  was  far  more  fre- 
quently observed  in  this  group  than  in  any  of  the  experimental  groups. 

Infections  of  various  kinds  (pyogenic  in  Cats  38  and  41,  pneumonia 
in  Dogs  17  and  18)  caused  particularly  marked  depletion.  It  has 
been  stated  by  a  number  of  observers  that  the  adrenals  in  animals 
killed  by  various  infections  are  poor  in  epinephrin.  Elliott*  found 
a  small  epinephrin  load  in  persons  dead  of  various  septic  fevers.  The 
results  cited  in  Table  XIV  show  clearly  that  this  depletion  is  brought 
about,  in  great  part  at  any  rate,  through  the  nerves  supplying  the 
adrenals.  It  is  not  possible  to  saj-  from  these  results  whether,  in 
addition,  there  is  any  direct  action  of  the  poisons  on  the  glands. 

In  a  cat  (No.  43)  dead  of  distemper  the  epinephrin  content  was 
quite  low  (0.09  mg.),  but  in  another  cat  (No.  42),  dead  of  the  same 
disease,  the  load  was  fairly  high  (0.28  mg.),  although  perhaps  not  as 
much  as  would  have  been  expected  in  a  healthy  animal  of  the  same 
size.    The  cat  was  exceptionally  large,  as  were  also  the  adrenals. 
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TABLE   XIV. 

Depletion  of  the  Epinephrin  Store  of  the  Innervated  Adrenal  in  Animals  Dead 

from  Infections,  Etc. 


No.  of  animal. 

Cat  38 

"     39 

"     40 

"     41 

"     42 

"     43 

Dog  17 

"     18 

Rabbit  50 

Weight  of 
adrenal. 


Left.       Right. 


0.184 


0.312 

0.170 
0.308 

0.396 
0.278 
0.530 
0.360 

0.200 


gm. 

0.191 


0.304 

0.198 
0.300 

0.402 
0.272 
0.570 
0.350 

0.210 


Epinephrin. 


Left.       Right. 


mg. 

0.16 


0.09 

Trace. 
0.08 

0.28 
0.09 
0.50 
0.30 

0.09 


mg. 
Trace. 


0.13 
0.14 

0.28 
0.09 
0.31 
0.08 

Trace. 


Remarks. 


Connections  of  left  semilunar  ganglion 

cut  8  days  before  death  from  infection 

(peritonitis). 
Connections  of   left  semilunar  ganglion 

cut  5  days  before  death  from  unknown 

cause.     Cat   emaciated   and    in    poor 

condition  before  operation. 
Connections  of  right  semilunar  ganglion 

cut  2  days  before  death  from  unknown 

cause.  Cat  in  same  condition  as  No.  39. 
Connections  of  right  semilunar  cut  25 

days  before  death.     General  infection; 

abscess  in  wound  in  neck  and  in  flank ; 

eyes  infected. 
Died  of  distemper  14  days  after  excision 

of  left  superior  cervical  ganglion. 
Died  of  distemper  6  days  after  excision 

of  left  superior  cervical  ganglion. 
Left  major  splanchnic  cut  13  days  before 

death  from  pneumonia. 
Left  major  and  minor  splanchnics,  2  lum 

bar  ganglia,  and  connections  of  celiac 

ganglion  cut  14  days  before  death  from 

pneumonia. 
Left  adrenal  excised  3  daj's  before  death 

from  unknown  cause. 


The  Effect  of  Electrical  Stimulation  of  the  Splanchnic  Nerves  on  the 

Epinephrin  Store. 

Elliott  has  stated  that  stimulation  of  the  splanchnics  by  induction 
shocks  for  periods  varying  from  3  to  7  hours  produces  only  a  slight 
effect  on  the  epinephrin  content.  Stimulation  was  appHed  for  a 
few  minutes  at  a  time  followed  by  a  few  minutes  of  rest.  "When 
the  nerve  was  faradized  continuously  for  a  period  of  2  hours  the  loss 
was  almost  inappreciable." 

Our  observations  confirm  those  of  Elliott,  in  as  far  as  they  show 
that  it  is  much  more  difficult  to  demonstrate  depletion  by  splanchnic 
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stimulation  than  under  the  influence  of  ether,  operations,  etc.,  de- 
spite the  fact  that  more  epinephrin  is  liberated  in  a  given  time  during 
appropriate  stimulation  of  the  nerves  than  is  liberated  under  anes- 
thetics without  stimulation.  The  difficulty  of  showing  depletion 
with  splanchnic  stimulation  is,  therefore,  not  due  to  the  small  amount 
Uberated.  We  cannot  see  any  other  explanation  than  that  splanchnic 
stimulation  also  increases  the  rate  of  accumulation  of  the  epinephrin 
in  the  gland. 

Continuous  stimulation  of  the  splanchnic  is  not  suitable  for  producing  deple- 
tion, nor  is  stimulation  for  several  minutes  at  a  time  with  interx'^als  of  rest.  For 
we  have  seen  in  experiments  on  liberation  of  epinephrin  into  the  blood  that  the 
amount  excreted  rapidly  declines  when  stimulation  is  kept  up. 

However,  by  stimulating  only  for  a  few  seconds,  at  a  time,  with  intervals  of 
1  or  2  minutes'  rest,  and  continuing  the  experiment  over  many  hours  we  have 
been  able  to  demonstrate  distinct  depletion  of  the  gland  whose  nerve  was  excited 
as  compared  with  the  other.  The  reactions  of  the  denervated  eye  were  used  to 
control  the  efficiency  of  the  stimulation.  A  strength  and  duration  of  stimulation 
was  chosen  which  gave  good  but  not  maximal  dilatation  of  the  pupil,  and  the  rest 
intervals  were  increased  or  diminished  from  time  to  time,  so  as  to  keep  each  stimu- 
lation effective. 

In  Table  XV  is  given  a  condensed  protocol  of  an  experiment  on  a  cat  in  which 
over  300  successful  stimulations  of  the  right  sympathetic  tnmk  (with  the  splanch- 
nic) in  the  thorax  were  made.  The  amount  of  epinephrin  liberated  by  each 
stimulation  was  estimated  by  determining,  at  different  times  throughout  the 
experiment,  the  amount  of  adrenalin  which  had  to  be  injected  to  give  approxi- 
mately a  pupil  dilatation  of  the  same  magnitude,  and  beginning  at  the  same 
time  interval,  as  the  dilatation  caused  by  the  liberated  epinephrin.  Both  sym- 
pathetics  were  divided  simultaneously  in  the  thorax,  so  that  the  glands  were 
under  equal  conditions,  except  for  stimulation  of  the  nerves  of  the  right.  At 
the  end  of  the  exp>eriment  the  left  adrenal  weighed  0.159  gm.  and  contained 
0.20  mg.  of  epinephrin,  and  the  right  adrenal  weighed  0.181  gm.  and  contained 
0.08  mg.  of  epinephrin. 

The  assays  by  adrenalin  solution  of  the  amount  of  epinephrin  liberated  from 
the  right  adrenal  into  the  blood  yielded  the  following  results. 

Epinephrin  liberated  by  316  stimulations,  0.31  mg. 


Time. 


No.  of 
stimulations. 


AdrenAlin 
correspond- 
ing to  each 
stimulation. 


Total 
epinephrin. 


3.10-5.01  p.m. 

5.04-7.28  p.m 

7.32  p.m.-12.15  a.m. 


47 

95 

174 


mg. 

0.002 

0.0013 

0.0006 


mt. 

0.09 
0.12 
0.10 
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With  the  short  time  of  each  stimulation  and  the  relatively  long 
intervals  of  rest,  it  is  to  be  supposed  that  the  power  of  the  adrenal 
to  respond  to  stimulation  of  its  nerves  was  conserved  as  much  as 
possible.  Nevertheless,  the  diminution  in  the  response,  which  was 
not  apparent  for  a  long  time  during  the  earlier  part  of  the  experiment 
became  more  marked  as  time  went  on.  This  is  strikingly  illustrated 
in  the  table  showing  the  amount  of  liberated  epinephrin.  The  174 
stimulations  in  the  last  period  yielded  only  0.10  mg.  of  epinephrin, 
while  forty-seven  stimulations  of  the  same  duration  (5  seconds) 
yielded  in  the  first  period  of  the  experiment  0.09  mg.  Add  to  this 
the  fact  that  the  strength  of  stimulation  had  to  be  considerably 
increased  in  the  latter  part  of  the  experiment,  as  shown  by  the  di- 
minished distance  between  the  coils  given  in  the  protocol. 

The  load  of  the  right  adrenal  at  the  time  the  nerves  were  cut  may 
be  taken  at  0.20  mg.,  the  same  as  that  of  the  left.  This  represents  a 
good  load  for  these  small  adrenals  (the  cat  weighed  only  a  little  over 
2  kilos),  especially  as  some  loss  must  have  occurred  in  the  hour 
after  the  administration  of  urethane  before  the  nerves  were  divided. 
The  right  adrenal  gave  off  to  the  blood  0.31  mg.  of  epinephrin,  of 
which  0.12  mg.  could  have  come  from  the  store.  This  is  on  the  as- 
sumption that  no  epinephrin  whatever  is  liberated  in  the  absence  of 
innervation.*  An  amount  approximately  equal  to  the  initial  load 
must  have  been  formed  in  the  time  the  experiment  lasted. 

In  other  experiments  lasting  for  a  shorter  time  we  have  not  been 
able  to  obtain  evidence  of  depletion  of  the  store  by  splanchnic  stimu- 
lation. In  one  with  over  fifty  stimulations,  each  of  which  caused  the 
liberation  of  enough  epinephrin  to  eHcit  good  eye  reactions,  no  de- 
ficiency in  the  store  of  the  stimulated  gland  was  found,  although  in 
the  4  hours  of  the  experiment  an  amount  of  epinephrin  not  less  than 
the  maximal  load  of  a  single  gland  in  the  cat  had  been  given  off  by  it 
to  the  blood. 

It  is  possible  that  in  prolonged  experiments  the  capacity  of  the 
adrenal  to  form  epinephrin  at  an  increased  rate  in  response  to  splanch- 
nic stimulation  is  lessened,  and  that  this  is  the  reason  why  depletion 
of  the  store  can  then  be  demonstrated. 
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TABLE    XV. 

Condensed  Protocol.    Cat  44,  Weight  2.25  Kilos.    Superior  Cervical  Ganglion  Excised 

17  Days  before.     Animal  Pregnant.     Cannulas  in  Right  Femoral  Vein  and 

Trachea.     Unless  Otherwise  Mentioned,  Time  of  Stimulation 

Was  Always  5  Seconds.     The  Left  Sympathetic  Was 

Stimulated  Only  Once. 


Time. 

Interval  be- 
tween be- 
ginning of 
stimulation 
and  of  pupU 
dilatation. 

p.m. 

1.40 

Urethane,  3  gm.  by  stomach  tube 

sec. 

2.20 

.'\  little  ether.     No  more  ether  during  experiment .... 

Both  sympathetics  (with  splanchnic)  ligated  and  cut 

in  thorax 

2.45 

3.10 

Stimulated  left  sympathetic  (11  cm.  between  coils). . 
Stimulated  right  sympathetic  (3-5  sec.)  (9-10  cm.) 
10  times       

9.6 

3.30-4.08 

6  6-7.8* 

4.08 

Adrenalin  injections.    Same  pupil  reactions  given  by 
0.3  cc.  (1  :  140,000)t 

Stimulated  right  sympathetic  (9  cm.)  15  times 

Adrenalin  injections.     Reaction,  0.3  cc 

Stimulated  right  sympathetic  (9  cm.)  6  times 

Adrenalin  injections.     Reaction,  0.3  cc 

4.09-4.27 

6  0-7  2 

4.27 

4.28-4.36 

7.4-8.8 

4.36 

4.40-4.46 

Stimulated  right  sympathetic  (9  cm.)  5  times 

Adrenalin  injections.     Reaction,  0.3  cc 

Stimulated  right  sympathetic  (9  cm.)  11  times 

Adrenalin  injections.     Reaction,  0.3  cc 

7.6-8.2 

4.47 

4.49-5.01 

5.02 

6.8-7.8 

5.04-5.21 

Stimulated  right  sympathetic  (9  cm.)  14  times 

Adrenalin  injections.     Reaction,  0.25  cc 

7.2-8.0 

5.22 

*  The  time  interval  of  the  pupil  reaction  was  constant  throughout  the  experi- 
ment. Only  the  minimum  and  maximum  times  are  given  in  this  column  for 
the  various  series  of  stimulations.  The  times  for  the  pupil  reactions  yielded  by 
these  10  stimulations  may  be  given  as  an  example  (7.4,  7.0,  7.4,  7.8,  7.8,  7.2, 
7.2,  7.6,  6.6,  7.2).  The  number  in  parenthesis  after  stimulation  gives  the  dis- 
tance between  the  coils  in  cm. 

t  Only  the  quantities  of  adrenalin  found  in  the  trial  injections  to  correspond 
with  the  effects  of  the  splanchnic  stimulations  are  reproduced  from  the  protocol. 
The  adrenalin  solution  was  itself  assayed.  The  corrected  concentration  is  what 
is  given  in  the  protocol.  A  freshly  made  solution  in  0.9  per  cent  sodiiun  chlo- 
ride was  used  for  each  assay.  The  adrenalin  solution  injected  was  always  a 
1:140,000.  The  concentration  of  the  solution  is  therefore  henceforth  omitted 
in  the  protocol. 
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TABLE  XV — ConcludeU. 


Time. 

- 

Interval  be- 
tween be- 
ginning of 
stimulation 
and  of  pupil 
dilatation. 

p.m. 
5  25-5.36 

Stimulated  right  sympathetic  (9  cm.)  8  times 

Adrenalin  injections.     Reaction,  0.2  cc 

su. 
7  2-8  2 

5.38 

5.40-5.59 

Stimulated  right  sympathetic  (9  cm.)  15  times 

Adrenalin  injections.     Reaction,  0.2  cc 

6  6-8  6 

6.00 

6.02-6.18 

6.20 

Stimulated  right  sympathetic  (9  cm.)  13  times 

Adrenalin  injections.     Reaction,  0.2  cc " . . 

Stimulated  right  sympathetic  (9  cm.)  12  times 

Adrenalin  injections.     Reaction,  0.2  cc.         

6.8-7.4 

6.22H5.36 

6  4-7  2 

6.40 

6.42-6.53 

6.58 

Stimulated  right  s)Tnpathetic  (9  cm.)  7  times 

Adrenalin  injections.     Reaction,  0.2  cc 

7.0-7.4 

7.0O-7.28 

Stimulated  right  sympathetic  (9  cm.)  26  times 

Adrenalin  injections.     Reaction,  0.2  cc 

6  6-7  2 

7  31 

7.32-7.50 

7.54 

Stimulated  right  sympathetic  (9  cm.)  18  times 

Adrenalin  injections.     Reaction,  0. 1  cc 

6.2-7.2 

7.55-8.10 

Stimulated  right  sympathetic  (8  cm.)  13  times 

Adrenalin  injections.    Reaction,  0.1  cc 

6.2-8.8 

8.12        

8.15-8.38 

Stimulated  right  sympathetic  (8  cm.)  20  times 

Adrenalin  injections.    Reaction,  0.1  cc 

Stimulated  right  sympathetic  (7.5  cm.)  26  times 

Adrenalin  injections.     Reaction,  0. 1  cc 

6.4-7.8 

8.40 

8.42-9.20 

6.4-7.8 

9.22        

9.26-9.48 

Stimulated  right  sympathetic  (7.5  cm.)  14  times 

Adrenalin  injections.     Reaction,  0.1  cc 

6.8-8.0 

9.50 

9.53-10.25 

Stimulated  right  sympathetic  (7.5  cm.)  24  times 

Adrenalin  injections.     Reaction,  0.1  cc 

6.8-7.8 

10.27     

10.30-10.50 

Stimulated  right  sympathetic  (7.5  cm.)  16  times 

Adrenalin  injections.     Reaction,  0.1  cc 

Stimulated  right  sympathetic  (7.5  cm.)  23  times 

Adrenalin  injections.     Reaction,  0.1  cc 

6.4-7.8 

10.53 

10.55-11  30 

6.8-8.8 

11.34 

11.37  p.m.-12.15a.m. 
12.15  a.  m 

Stimulated  right  sympathetic  (7.5  cm.)  20  times 

Adrenalin  injections.     Reaction,  0,1  cc 

6.8-9.0 

Circulation  good  up  to  the  end  of  the  experiment;  the  heart  was  beating  well, 
although  the  pulse  was  gradually  becoming  more  rapid  toward  the  last  hour  of 
the  experiment. 

The  left  adrenal  weighed  0.159  gm.  and  contained  0.20  mg.  of  epinephrin. 

The  right  adrenal  weighed  0.181  gm.  and  contained  0.08  mg.  of  epinephrin. 
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SUMMARY. 

1.  No  evidence  has  been  obtained  that  in  cats  and  dogs  with  the 
nerves  of  one  adrenal  cut,  emotional  disturbances  cause  depletion 
of  the  epinephrin  store  of  the  normally  innervated  adrenal  as  com- 
pared with  its  fellow. 

2.  The  depletion  of  the  epinephrin  store  in  cats  under  morphine 
is  not  dependent  upon  so  called  morphine  fright,  since  a  similar 
depletion  is  foimd  in  dogs  in  which,  as  is  known,  morphine  produces 
sjTnptoms  the  reverse  of  those  of  fright. 

3.  The  signs  of  morphine  fright  can  all  be  elicited  by  administering 
morphine  to  a  cat  in  which  one  adrenal  has  been  removed  and  the 
nerve  supply  of  the  other  cut,  and  in  which  accordingly  no  detectable 
liberation  of  epinephrin  takes  place. 

4.  The  reactions  of  the  denervated  iris  elicited  by  emotional  dis- 
turbance, asphyxia,  or  etherization  in  a  cat,  one  of  whose  adrenals 
has  been  removed  and  the~wirves  of  the  other  cut,  do  not  differ 
from  these  reactions  in  cats  whose  adrenals  have  not  been  interfered 
with. 

5.  The  influence  of  postoperative  edema  of  the  adrenal  in  diminish- 
ing the  epinephrin  load,  and  the  recuperation  of  the  load  after  a 
time,  have  been  studied  in  rabbits. 

6.  The  diminution  in  the  epinephrin  store  of  the  adrenals  which 
follows  operations  on  animals  (postoperative  depletion)  has  been 
studied.  It  is  only  in  part  associated  with  the  anesthesia,  since 
it  may  be  as  marked  6  or  8  hours  after  an  operation  lasting  less  than 
1  hour  as  after  6  or  8  hours'  anesthesia  without  operation. 

7.  One  adrenal  was  removed  in  rabbits  and  the  epinephrin  content 
of  the  remaining  gland  assayed  at  varying  periods  of  time  after 
removal  of  the  first,  the  periods  being  longer  than  the  time  necessarj' 
for  recovery  from  the  postoperative  depletion.  In  general,  the  second 
adrenal  contained  more  epinephrin  than  the  first,  sometimes  double 
the  amount. 

8.  Marked  depletion  of  the  epinephrin  store  of  innervated  adrenals 
as  compared  with  the  corresponding  denervated  glands  was  seen  in 
animals  dead  of  infections  of  various  kinds. 
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9.  As  shown  by  Elliott,  diminution  of  the  stock  of  epinephrin  in 
the  adrenal  through  eK'^ctrical  stimulation  of  the  splanchnics  is  not 
easy  to  demonstrate,  despite  the  fact  that  the  liberation  of  epinephrin 
into  the  blood  is  notably  incre,  ased  by  the  stimulation.  With  short 
periods  of  stimulation,  however,  ^repeated  over  a  long  time  at  inter- 
vals just  long  enough  to  prevent  i  %tigue,  it  has  proved  possible  to 
demonstrate  a  distinct  depletion.         '^^ 


\c.. 


Xjti 


6. 

2-7. 


^ 


Reprinted  from  the  Proceedings  of  tlie  Society  for  Experimental  Biology  and  Medi- 
cine, 191 7.  xiv,  pp.  77-79. 
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The  influence  of  certain  conditions  on  the  rate  at  which  epinephrin 
is  liberated  from  the  adrenals  into  the  blood. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of 
Western  Reserve  University,  Cleveland,  Ohio.] 

1.  By  means  of  the  rabbit  intestine  and  uterus  segment  tests, 
we  have  obtained  further  evidence  that,  under  our  experimental 
conditions  at  any  rate,  the  rate  of  discharge  of  epinephrin  into  the 
blood  of  the  adrenal  veins  is  relatively  steady  and  not  easily  in- 
fluenced by  such  procedures  as  we  have  tried ;  for  example,  stim- 
ulation of  the  afferent  fibers  in  large  peripheral  nerves  (sciatic 
and  brachial)  or  asphyxia.  This  is  not  because  the  discharge  is 
already  maximal  owing  to  the  necessary  conditions  of  the  experi- 
ment (trauma,  anesthesia,  etc.).  For,  by  electrical  stimulation 
of  the  cut  splanchnic,  the  rate  of  liberation  can  be  made  decidedly 
greater  than  the  rate  of  spontaneous  liberation  with  intact  splanch- 
nics. 

2.  Unlike  the  rate  of  liberation  per  unit  of  time,  the  concentra- 
tion of  epinephrin  in  the  adrenal  vein  blood  can  be  observed  to 
vary  decidedly  in  the  course  of  an  experiment,  increasing,  in 
general,  as  the  rate  of  blood  flow  decreases.  This  can  be  shown 
by  collecting  adrenal  vein  blood  in  successive  samples.  When  the 
blood  flow  slackens,  owing  to  hemorrhage  or  other  circumstances, 
the  earlier  specimens  will  be  found  to  contain  a  smaller  concen- 
tration of  epinephrin  than  the  later  specimens. 

For  example,  in  a  dog,  weighing  10  kg.,  tlie  first  sample  from  the  cava  pocket, 
into  which  the  adrenal  veins  were  alone  discharging,  flowed  at  the  rate  of  8  c.c.  per 
minute,  the  second  sample  7.2  c.c,  third  5.8  c.c,  fourth  4.4  c.c,  fifth  3.2  c.c,  sixth 
2.4  c.c,  seventh  1.5  c.c.  A  definite  increase  in  the  epinephrin  concentration  in  the 
successive  samples  was  clearly  shown  by  the  intestine  and  especially  by  the  uterus 
tests.  The  concentration  was  assayed  in  the  first  sample  at  somewhat  more  than 
I  :  3.300,000;  in  the  third  sample  at  somewhat  more  than  i  :  1,670,000;  in  the 
seventh  sample  at  somewhat  less  than  i  :  750,000. 


2  Scientific  Proceedings  (8o). 

The  increase  in  the  concentration  in  the  blood  is  far  too  great 
to  be  accounted  for  by  any  increase  in  the  relative  proportion  of 
plasma  to  corpuscles  associated  with  hemorrhage  without  change 
in  the  concentration  of  epinephrin  in  the  plasma.  And  it  has 
been  demonstrated  that  the  sera  separated  from  the  successive 
samples  of  blood  show  a  progressively  increasing  concentration  of 
epinephrin. 

Even  when  the  circulation  through  the  adrenals  is  stopped 
altogether  by  clamping  the  veins,  the  liberation  of  epinephrin  into 
the  pent-up  blood  continues  for  a  time  at  an  apparently  undi- 
minished rate  and  the  concentration  of  epinephrin  in  the  blood 
must  go  on  increasing. 

3.  For  the  reason  mentioned  in  paragraph  2  it  is  not  in  general 
permissible  to  deduce  changes  in  the  rate  of  liberation  of  epine- 
phrin from  changes  in  its  concentration  in  the  adrenal  vein  blood, 
unless  the  rate  of  blood  flow  through  the  adrenals  is  known. 
Changes  in  the  concentration  of  epinephrin  in  the  blood  of  the 
inferior  cava  above  the  adrenals  can  be  produced  by  alterations 
in  the  rate  of  blood  flow  in  the  cava,  even  where  the  rate  of  liber- 
ation of  epinephrin  from  the  adrenals  has  remained  constant. 

4.  No  evidence  has  been  obtained  that  after  section  of  the 
nerves  of  one  adrenal,  any  compensatory  increase  in  the  rate  of 
liberation  of  epinephrin  from  the  other  gland  occurs.  The  fact 
that  section  of  one  splanchnic  diminishes  the  discharge  of  epine- 
phrin by  a  half,  without  causing  any  material  fall  of  blood  pressure, 
affords  additional  evidence  that  the  epinephrin  discharged  by  the 
adrenal  veins  is  not  directly  a  factor,  or  at  least  not  an  important 
one  in  maintaining  the  blood  pressure. 
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The  proportion  in  which  adrenalin  distributes  itself  between  cor- 
puscles and  serum  in  relation  to  the  technique  of  testing  for 
epinephrin  in  blood. 

By  G.  N.  Stewart  and  J.  M.  Rogofp. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of 
Western  Reserve  University,  Cleveland,  Ohio.] 

1.  When  adrenalin  was  added  to  defibrinated  blood,  and  the 
blood  centrifuged  after  an  hour,  the  serum  was  found  by  the 
colorimetric  method  of  Folin,  Cannon  and  Denis,  to  contain 
practically  the  whole  of  the  added  adrenalin. 

3  CO.  adrenalin  solution  (Parke,  Davis  &  Co.).  corresponding  to  2.64  mg.  epi- 
nephrin when  assayed  colorimetrically,  was  added  to  30  c.c.  cat's  defibrinated  blood. 
Correcting  for  the  small  amount  of  color  given  by  the  serum  itself  in  the  test,  the 
amount  of  adrenalin  found  in  10  c.c.  of  the  serum  separated  from  the  adrenalin  blood 
corresponded  to  1.37  mg.  epinephrin.  The  proportion  by  volume  of  serum  in  the 
blood  was  62  per  cent.  The  amount  of  serum  in  30  c.c.  of  the  adrenalin  blood  would, 
therefore  contain  1.37  X  30  X  62/100  =  2.55  mg.  adrenalin.  ».  «.,  all  the  adrenalin 
added  was  in  the  serum. 

2.  The  same  result  was  obtained  by  eissaying  the  adrenalin  in 
the  serum  by  injection  into  a  pithed  cat  (method  of  Elliott). 
The  serum  gave  a  rise  indicating,  when  compared  with  that  given 
by  a  known  amount  of  adrenalin  in  control  serum,  that  10  c.c.  of 
it  contained  1.32  mg.  adrenalin.  This  compares  with  1.37  mg. 
by  the  colorimetric  method.  The  adrenalin  blood  gave  a  rise  of 
blood  pressure  less  than  that  given  by  the  serum  and  corresponding 
to  the  concentration  of  adrenalin  in  it.  The  sediment,  which  of 
course  contained  a  very  small  proportion  of  serum,  gave  no  meas- 
urable rise. 

3.  Similar  results  were  obtained  (with  dog's  blood  to  which 
adrenalin  had  been  added)  on  segments  of  rabbit's  intestine  and 
uterus.  The  sediment  gave  a  small  inhibition  of  the  intestine  and 
a  small  increase  of  tone  of  the  uterus  as  compared  with  the  serum. 
The  effect  of  the  adrenalin  blood  was  intermediate  in  amount. 
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4.  The  distribution  of  the  naturally  secreted  epinephrin  in  the 
blood  from  the  adrenal  veins  (of  the  dog)  was  also  investigated 
with  the  same  result.  Only  the  rabbit  intestine  and  uterus  were 
employed,  the  other  methods  not  being  sufficiently  sensitive  for 
the  small  concentrations  found  in  blood.  In  one  experiment  the 
concentration  of  epinephrin  in  the  blood  was  assayed  at  i :  8,000,000, 
in  the  serum  at  i :  3,000,000.  The  sediment  gave  practically 
nothing.  It  so  happened  that  the  blood  used  was  extremely  rich 
in  corpuscles,  a  circumstance  favorable  rather  than  otherwise  for 
testing  the  point  in  question,  as  the  serum  would  be  more  than 
ordinarily  rich  in  epinephrin  as  compared  with  the  blood,  if  all 
the  epinephrin  is  contained  in  the  plasma.  The  proportion  of 
serum  by  volume  in  the  blood  was  36  per  cent.  On  the  hypothesis 
that  all  the  epinephrin  was  in  the  serum,  this  would  give 
I  :  100/36  X  3,000,000,  i.  e.,  I  :  8,300,000  as  the  concentration 
in  the  blood. 

5.  When  search  is  being  made  for  the  minute  quantities  of 
epinephrin  present  in  blood,  serum  (or  plasma)  should,  in  general, 
be  preferred  to  blood  in  making  the  tests. 
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THE  PROPORTION  IN  WHICH  ADRENALIN  DISTRIB- 
UTES ITSELF  BETWEEN  CORPUSCLES  AND  SERUM 
IN  RELATION  TO  THE  TECHNIQUE  OF  TESTING 
FOR  EPINEPHRIN  IN  BLOODi 
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University,  Cleveland 
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In  using  such  biological  test- objects  as  rabbit  intestine  and 
uterus  segments,  etc.,  for  the  detection  of  epinephrin,  it  is 
desirable  to  know  how  the  epinephrin  is  distributed  between  the 
plasma  (or  serum)  and  corpuscles.  For  the  concentrations  of 
epinephrin  in  blood  being  always  small,  it  would  generally  be 
advantageous  to  employ  the  fraction,  supposing  the  distribution 
is  not  uniform,  in  which  the  greatest  concentration  exists. 

We  began  by  adding  adrenalin  (Parke,  Davis  and  Company) 
to  defibrinated  blood,  allowing  the  blood  to  stand  for  a  time 
and  then  centrifuging  it.  The  blood,  serum  and  sediment  were 
then  tested  on  rabbit  intestine  and  uterus  segments. 

Experiment  1.  0.5  cc.  of  adrenalin  solution  (Parke,  Davis  and 
Company)  was  added  to  100  cc.  of  dog's  blood.  A  portion  of  the  mix- 
ture was  centrifuged  and  clear  serum  free  from  erythrocjies  obtained. 
The  adrenalin  solution  assaj-ed  by  the  colorimetric  method  of  Folin, 
Camion  and  Denis  as  equivalent  to  a  1: 1660  solution  of  epinephrin. 
In  order  to  obtain  a  decided  effect  the  adrenalin  was  purposely  added 
in  such  amount  as  would  given  a  concentration  larger  than  that  in 
which  the  naturally  secreted  epinephrin  exists  even  in  adrenal  vein 
blood.  Some  of  the  dog's  blood  without  addition  of  adrenalin  was 
also  centrifuged  and  the  defibrinated  blood,  serum  and  sediment  were 
used  for  the  segment  tests. 

*  A  preliminary  account  of  the  work  was  given  at  the  joint  meeting  of  the 
Federation  of  American  Societies  for  Experimental  Biology,  December  28,  1916. 
A  note  was  published  in  the  Proceedings  of  the  Society  for  Experimental  Biology 
and  Medicine,  January  17,  1917. 
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It  will  be  seen  from  figure  1^  that  the  inhibitory  effect  of  the 
serum  separated  from  the  adrenalin  blood  upon  the  rabbit 
intestine  segments  is  very  much  greater  than  that  of  the  sedi- 
ment. The  sediment  indeed  has  an  action  so  slight  as  to  suggest 
that  it  is  due  solely  to  the  serum  still  unavoidably  present  be- 
tween the  corpuscles.  The  effect  of  the  defibrinated  blood  is 
intermediate  in  magnitude  between  that  of  the  serum  and  sedi- 


Fig.  1.  Action  of  Adrenalin  Defibrinated  Blood,   Serum  and  Sediment 
(Experiment  1)  on  Intestine  Segments 

At  S4,  Ringer  was  replaced  by  defibrinated  blood,  and  this  at  25  by  adrenalin 
defibrinated  blood,  diluted  with  3  volumes  of  defibrinated  blood.  At  28,  Ringer 
was  replaced  by  serum,  and  this  at  27  by  adrenalin  serum  diluted  with  3  volumes 
serum.  At  28,  Ringer  was  replaced  by  ordinary  sediment,  and  this  at  29  by  sedi- 
ment of  the  adrenalin  blood,  diluted  with  3  volumes  of  the  indifferent  sediment. 
The  inhibitory  effect  at  29  was  insignificant;  even  when  undiluted  adrenalin 
sediment  replaced  indifferent  sediment  at  31  the  effect  was  small,  compared  with 
that  of  the  diluted  adrenalin  serum  or  blood. 

ment.    The  observations  were  repeated  several  times  through- 
out the  experiment,  always  with  the  same  result. 

The  same  thing  is  even  better  seen  in  the  uterus  segment 
tracings  (fig.  2).  The  uterus  being  very  sensitive  to  adrenalin, 
it  was  necessary  to  greatly  dilute  the  Uquids  tested  in  order  to 

'  The  tracings  in  all  the  figures  except  figures  15  and  16  have  been  reduced  to 
one-half.  Figure  15  is  not  reduced.  Figure  16  is  reduced  to  two-thirds.  Time 
trace  half  minutes. 
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obtain  a  comparison.  For  instance,  the  adrenalin  serum  when 
diluted  (with  Ringer's  solution)  in  the  proportion  of  1  in  6 
(observation  42,  fig,  2)  gave  a  maximal  effect,  as  was  the  case 
also  with  a  dilution  of  1  in  11  (observation  43).  With  a  dilution 
of  1  in  16  (observation  44)  the  effect  was  still  nearly  maximal, 


Fig.  2.  Action  of  Adrenalin  Defibrinated  Blood,   Serum  and    Sediment 
(Experiment  1)  on  the  Uterus  Segments 

At  4^,  Ringer  was  replaced  by  adrenalin  blood  serum  (1  in  6),  at  43  by  the 
same  serum  (1  in  11),  at  44  by  the  same  serum  CI  in  16),  at  52  by  the  same  serum 
(1  in  24).  At  51,  Ringer  was  replaced  by  adrenalin  blood  (1  in  24),  at  55,  by 
adrenalin  blood  sediment  (1  in  6),  at  54,  by  the  adrenalin  blood  sediment  (1  in  24), 
at  55  by  the  ordinary  defibrinated  blood  (1  in  6),  at  56,  by  the  ordinary  defibrin- 
ated blood  (1  in  24). 

except  that  the  rhythmical  contractions  were  not  so  completely 
suppressed  by  the  great  increase  of  tone.  Observation  52  shows 
the  effect  of  adrenalin  serum  in  the  dilution  1  in  24.  The  in- 
crease of  tone  is  much  greater  than  that  produced  by  the  adrenalin 
blood  similarly  diluted  (observation  51).  The  sediment  from 
the  adrenalin  blood  in  the  dilution  1  in  24  (observation  54) 
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gives  an  effect  far  smaller  than  that  of  the  adrenalin  blood  in  the 
same  dilution  and  not  very  much  greater  than  that  of  the  ordi- 
nary defibrinated  blood  (diluted  1  in  24)  (observation  56).  Even 
in  dilution  1  in  6,  the  adrenalin  sediment  causes  a  much  smaller 
rise  (observation  53)  than  the  serum  in  dilution  1  in  24. 

This  experiment,  then,  shows  that  the  fraction  of  the  adrenalin 
blood  containing  the  erythrocytes,  with  only  a  minimal  amount 
of  serum,  gives  both  with  the  intestine  and  with  the  uterus, 
adrenalin  effects  far  inferior  to  those  given  by  the  adrenalin 
blood,  and  that  the  action  of  the  adrenalin  blood  is  markedly 
less  than  that  of  the  serum. 

The  serum  made  up  52.3  per  cent  of  the  blood  as  estimated  by  the 
electrical  method.'  By  the  haematocrit  the  amount  of  serum  was 
48  per  cent  after  five  minutes  rotation,  49  per  cent  after  ten  minutes, 
50  per  cent  after  fifteen  minutes.  The  haematocrit  was  turned  4000 
times  a  minute.  While  the  haematocrit  may  give  results  which  are 
useful  for  comparative  purposes,  it  is  well  known  that  even  when 
undiluted  blood  is  used,  the  results  are  not  very  accurate  so  far  as  the 
absolute  proportion  of  serum  to  corpuscles  is  concerned,  since  the  sedi- 
ment goes  on  diminishing  for  a  long  time.  Nevertheless,  in  our  observa- 
tions the  haematocrit  readings  were  useful  for  checking  up  the  results 
given  by  the  electrical  method,  since  the  latter  gave  a  proportion  of 
serum  which  the  haematocrit  readings  more  and  more  nearly  approached 
the  longer  the  period  of  rotation.  The  sediment  contained  5  per  cent 
of  serum,  estimated  by  the  electrical  method. 

With  the  relatively  large  quantity  of  adrenalin  added  to  the 
blood,  the  concentration  in  the  serum  was  so  great  that  a  maximal 
effect  was  produced  on  the  intestine  segments.  Therefore 
considerable  dilution  would  have  been  necessary  to  make  any- 
thing like  an  accurate  assay.  However,  from  such  observations 
as  were  made,  it  was  shown  that  the  concentration  of  adrenalin 
in  the  serum  must  have  been  greater  than  1 :  330,000,  and  less 
than  1: 110,000.  If  all  the  added  adrenalin  was  in  the  serum, 
the  concentration  would  be  1 :  175,000.  If  the  adrenaUn  was 
uniformly  distributed  over  corpuscles  and  serum,  the  concen- 
tration in  the  serum  would  be  1 :  330,000. 

•  Stewart,  G.  N.,  Joum.  Physiol.,  1899,  xxiv,  356. 
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At  16  (fig.  3),  Ringer  was  replaced  by  indifferent  serum,  and 
this  at  17  by  the  serum  from  the  adrenaUn  blood.  The  great 
inhibition  carried  the  lever  2  cm.  below  the  drum.  At  8, 
Ringer  was  replaced  by  indifferent  serum,  and  this  at  9  by  serum 
containing  1 :  330,000  adrenalin.  It  is  ob\'ious  that  the  inhibi- 
tion at  17  is  greater  than  that  of  9.  Therefore  the  adrenalin 
blood  serum  contains  more  than  1 :  330,000  adrenaUn.  At  18, 
Ringer  was  replaced  by  the  indifferent  serum,  and  this  a.t  19 
by  serum  from  the  adrenalin  blood  diluted  with  two  volumes  of 
the  indifferent  serum.     The  inhibition  was  less  than  at  9,  there- 


FlG.  3.    COMPAMSON  OF  SeRUM   FROM  ADRENALIN  BlOOD    (EXPERIMENT  1)    WiTH 

Serum  to  Which  a  Known  Amount  of-  Adrenalin  Had  Been  Added 
For  description  see  text 


fore  the  adrenaUn  blood  serum  contained  less  than  1:  110,000 
adrenalin.  The  fact  that  the  sediment  exerts  so  small  an  adre- 
naUn action  compared  ^^'ith  the  serum  or  blood  is  of  itself  almost 
a  quantitative  proof  that  practically  all  the  adrenaUn  which  is 
effective  in  the  segment  reactions  is  in  the  serum.  It  might  be 
objected,  however,  that  a  material  fraction  of  the  added  adrenalin 
had  entered  the  corpuscles,  but  that  being  bound  in  some  way 
within  them  and  not  being  able  freely  to  pass  out  of  them  it 
could  not  exert  its  action  on  the  segment.  Experiment  2 
demonstrates  that  there  is  no  foundation  for  this  suggestion. 
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In  experiment  2  adrenalin  was  added  to  cat's  blood  and  its 
concentration  in  the  serum  determined  by  the  colorimetric 
method  and  by  injection  into  a  pithed  cat  (Elliott's  method). 
Adrenalin  blood  and  sediment  were  also  tested  on  the  pithed  cat. 

Experiment  2.  3  cc.  adrenalin  solution  (Parke,  Davis  and  Com- 
pany), corresponding  to  2.54  mgm.  epinephria  (as  assayed  colorimet- 
rically)  was  added  to  30  cc.  cat's  defibrinated  blood.  The  blood  was 
allowed  to  stand  for  one  and  one-fourth  hours  and  then  centrifuged. 

mgm. 
epinephrin 

10  CC.  of  the  serum  gave  color  equivalent  to 1 .47 

Color  given  by  the  ordinary  serum  in  the  test  equivalent  to 0.09 

1.38 
Added  1  cc.  adrenalin  solution,  corresponding  to  0.88  mgm.  epi- 
nephrin, to  10  cc.  serum.     The  color  in  the  test  was  equivalent  to.  0.96 
Color  due  to  the  serum 0.09 

0.87 

There  was  therefore  practically  no  loss  of  adrenalin  in  the  serum 
in  the  test.  The  defibrinated  blood  contained  62.5  per  cent  of  serum 
by  the  electrical  method;  by  the  haematocrit  57  per  cent  after  eight 
minutes'  rotation,  60.5  per  cent  after  sixteen  minutes,  62  per  cent 
after  twenty-one  minutes. 

Taking  the  amount  of  serum  as  62  per  cent,  30  cc.  of  blood 
would  contain  18.6  cc.  of  serum.  The  amount  of  adrenalin  found 
in  18.6  cc.  of  serum  would  be  1.38  X  1.86  =  2.56  mgm.,  i.e.,  all 
the  adrenalin  added  was  in  the  serum. 

Specimens  of  the  blood  pressure  tracings  from  the  pithed  cat 
ire  given  in  figures  4  to  6.  The  material  used  was  the  same  as 
;hat  used  for  the  colorimetric  estimation.  Observation  4 
fig.  4)  shows  the  rise  produced  by  injection  of  0.1  cc.  of  the  serum 
separated  from  the  adrenalin  blood  made  up  with  the  ordinary 
serum  to  0.3  cc.  The  rise  is  the  same  as  that  caused  in  observa- 
tion 3  by  0.3  cc.  of  serum  containing  0.0132  mgm.  adrenalin.*  0.1 
cc.  of  the  serum  separated  from  the  adrenalin  blood  therefore 

*  The  adrenalin  solution  in  serum  was  made  by  adding  to  10  cc.  of  the  serum 
1  cc.  of  adrenalin  solution  (Parke,  Davis  and  Company)  which  assayed  by  the 
eclorimetric  method  as  equivalent  to  0.88  mgm.  epinephrin. 


TESTING  FOR  EPINEPHRIN  IN  BLOOD 


399 


contains  0.0132  mgm.  adrenalin,  that  is,  10  cc.  of  the  adrenalin 
blood   serum   contains    1.32   mgm.     The   colorimetric   method 


Fig.  4.  Specimens  of  Blood  Pressure  Tracings  Used  in  Assay  of  Adrenaun 
IN  Sebum  op  Blood  to  Which  Adrenalin  Had  been  Added.     (Experiment  2) 

The  line  of  zero  pressure  has  been  moved  up  30  mm.  Signal  line  above  time 
trace  shows  time  spent  in  each  injection  and  washing  in  with  Ringer.  For  fur- 
ther description  see  text. 


Fig.  5.  Comparison  of  Effect  Produced  on  Blood  Pressure  op  Pithed  Cat, 
BY  Serutii  of  Blood  to  which  Adrenalin  Had  Been  Added 

ANT)    BY  THE    BlOOD  ItSELF 

The  line  of  zero  pressure  has  been  moved  up  15  mm.  19,  blood;  20,  serum;  tS, 
blood;  24,  serum.  At  the  point  marked  with  a  cross  the  drum  jerked  forward  a 
little.    For  further  description  see  text. 

gave  1.38  mgm.  Obsen^ation  2  shows  the  effect  of  injection 
of  0.3  cc.  of  serum  containing  twice  as  much  adrenalin  as  the 
serum  injected  in  observation  3.    At  19  (fig.  5)  0.2  cc.  of  the 
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adrenalin  blood  was  injected,  and  at  20  the  same  amount  of 
serum  from  the  adrenalin  blood.  The  greater  effect  of  the  serum 
is  evident.  At  23  the  same  amount  of  adrenalin  blood,  but  made 
up  to  0.4  cc.  with  the  indifferent  blood,  was  injected.  Observa- 
tion 24  gives  the  effect  of  injection  of  0.2  cc.  of  serum  from  the 
adrenalin  blood  diluted  with  an  equal  volume  of  the  indifferent 
serum.  Observation  21  (fig.  6)  shows  the  effect  of  injection  of 
0.2  cc.  of  sediment  from  the  adrenalin  blood.  As  the  thick 
sediment  went  in  very  slowly,  another  observation  (22)  was 
made,  in  which  0.2  cc.  of  the  adrenalin  blood  sediment,  diluted 
with  an  equal  volume  of  the  ordinary  blood,  was  injected.  The 
rise  of  pressure  was  scarcely  more  than  that  produced  by  the 
injection  of  0.5  cc.  of  the  indifferent  serum  (observation  13). 


Fig.  6.  Blood  Pressure  Tracings  from  Pithed  Cat 

Showing  the  small  effect  produced  by  injection  of  sediment  from  blood,  to 
which  adrenalin  had  been  added  (observations  21  and  22).  Observation  13, 
indifferent  serum  injected.  Line  of  zero  pressure  moved  up  15  mm.  For  further 
description  see  text. 

Such  experiments  show  clearly  that  commercial  adrenalin 
chlorid  when  added  to  defibrinated  blood  remains  in  the  serum 
without  being  taken  up  by  the  corpuscles,  at  least  for  the  moder- 
ate periods  of  contact  employed.  Experiments  3  and  4  were 
intended  to  test  the  question  whether  the  same  is  true  for  the 
naturally  secreted  epinephrin.  It  was  conceivable  that  it 
might  exist  in  a  different  condition  in  the  blood,  which  would 
allow  it  to  distribute  itself  differently  over  the  corpuscles  and 
plasma.  It  has  been  assumed,  for  example,  that  the  permeability 
of  the  erythrocytes  for  a  given  salt  depends  upon  their  permea- 
biUty  for  both  ions.  If  one  ion  can  enter  while  the  other  can  not, 
then  in  general  the  salt  is  not  taken  up  by  the  corpuscles. 

Experiment  3  was  a  qualitative  experiment,  designed  to  show, 
first  of  all,  whether  the  same  difference  between  sediment  and 
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serum  of  adrenal  vein  blood  existed  as  had  been  demonstrated 
for  the  serum  and  sediment  of  blood  to  which  adrenalin  and  been 
added.     A  dog,  weighing  14.9  kg.,  was  anesthetized  with  ether, 


Fig.  7.  Rabbit  Intestine  Segment 

At  61,  Ringer  replaced  by  indifferent  blood,  and  this  at  62  by  the  sediment 
of  dog's  adrenal  vein  blood.  At  63,  Ringer  was  replaced  by  the  indifferent  blood, 
and  this  at  64,  by  the  serum  of  the  adrenal  vein  blood.  All  the  bloods  and  sera 
were  diluted  with  3  volxunes  Ringer. 


Fig.  8.  Rabbit  Uterus  Segment 

At  86,  Ringer  was  replaced  by  serum  of  the  dog's  adrenal  vein  blood,  used  on 
the  intestine  segment  in  figure  7.  The  serum  was  diluted  with  14  volumes  Ringer. 
At  87,  sediment  from  the  adrenal  vein  blood,  and  at  88,  the  blood  itself,  in 
each  case  diluted  with  14  volumes  Ringer,  replaced  Ringer. 

and  pure  adrenal  vein  blood  collected  in  successive  samples 
from  a  cava  pocket.  In  figures  7  and  8,  sp>ecimens  of  the  results 
obtained  with  one  of  the  samples  (the  fifth)  on  the  rabbit  in- 
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testine  and  uterus  respectively,  are  reproduced.  The  sample 
consisted  of  22.9  cc.  of  blood  collected  during  three  minutes, 
fifty-five  seconds.  It  was  proved  post  mortem  that  only  adrenal 
vein  blood  could  enter  the  pocket.  It  will  be  seen  (fig.  7)  that 
the  sediment  of  the  blood  (observation  62)  produces  a  far  smaller 
inhibition  of  the  intestine  segment  than  the  serum  (observation 
64).  The  uterus  segments  show  the  same  marked  difference. 
Figure  8  is  an  example.  The  rise  of  tone  caused  by  the  serum 
of  the  same  sample  of  adrenal  vein  blood  (observation  86)  is 
much  greater  and  better  sustained  than  that  caused  by  the 
sediment  (observation  87).  The  blood  gave  a  rise  (observation 
88)  intermediate  in  amount,  especially  as  regards  the  manner 
in  which  it  was  sustained.  The  three  specimens  were  diluted 
with  14  volumes  Ringer,  but  the  segment  was  so  sensitive  that 
even  in  this  dilution  both  blood  and  serirni  produced  about  the 
maximum  effect,  as  regards  the  immediate  increase  of  tone,  and 
greater  dilution  would  have  been  required  to  bring  out  a  differ- 
ence in  this  respect  between  them. 

The  next  experiment  (experiment  4)  was  planned  to  afford  as 
accurate  as  assay  as  possible  of  the  epinephrin  concentration 
in  adrenal  vein  blood.  Since  the  possible  concentration  is  not 
sufficiently  great  for  quantitative  estimation  by  the  colorimetric 
method,  we  used  only  the  rabbit  intestine  and  uterus  segments, 
making  a  large  number  of  comparisons  with  indifferent  blood 
and  serum  to  which  known  amounts  of  adrenalin  had  been  added. 

Experiment  4-  Dog,  body  weight,  16.45  kg.  Ether  anesthesia. 
200  cc.  of  blood  was  first  collected  from  the  external  jugular  vein. 
Then  a  cannula  was  inserted  into  the  left  iliac  vein,  and  a  cava 
pocket  tied  off  so  as  to  collect  pure  adrenal  vein  blood.  It  was  veri- 
fied post-mortem  that  the  pocket  received  no  blood  except  from  the 
adrenals.  Blood  was  collected  from  the  pocket  in  four  successive 
samples  during  forty  minutes.  During  this  time,  the  blood  flowed 
without  interruption  from  the  cannula  draining  the  pocket.  Portions 
of  the  various  specimens  were  centrifuged  and  serum  obtained. 

Of  the  considerable  number  of  observations  made  to  estimate 
the  Umits  of  the  epinephrin  concentration,  as  sharply  as  possible, 
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typical  specimens  are  shown  in  figures  9  to  15.  In  figure  9 
Ringer's  solution  was  replaced  at  11  by  jugular  blood  diluted 
with  2  volumes  Ringer,  and  this  at  ^^  by  blood  of  the  second 
pocket  specimen  similarly  diluted.  At  13  Ringer  was  replaced 
by  sediment  of  indifferent  (jugular)  blood  diluted  with  2  volumes 
Ringer,  and  this  at  i^  by  sediment  of  the  second  pocket  specimen 
similarly  diluted.  The  difference  in  the  inhibitory  effects  of  the 
blood  and  sediment  is  very  striking. 


Fig.  9.  Comparison  of  Effect  of  Adrenal  Vein  Blood  and  its  Sediment  on 
Rabbit  Intestine  Segments 

//,  Ringer  replaced  by  indifferent  blood,  and  this  at  12  by  adrenal  vein  blood. 
IS,  Ringer  replaced  by  sediment  of  indifferent  blood,  and  this  at  14  by  sediment 
of  adrenal  vein  blood.    The  bloods  and  sera  were  diluted  with  2  volumes  Ringer. 

In  figure  10,  at  17,  Ringer's  solution  was  replaced  by  serum  of 
jugular  blood  diluted  with  4  volumes  Ringer,  and  this  at  18 
by  serum  of  the  second  pocket  specimen  diluted  to  the  same 
degree.  At  19  Ringer  was  replaced  by  jugular  blood,  diluted 
with  4  volumes  Ringer,  and  this  at  20  by  blood  of  the  second 
pocket  specimen  similarly  diluted.  It  will  be  noted  that  the 
effect  of  the  serum  is  much  greater  than  that  of  the  blood.  In- 
deed, by  referring  to  figure  9,  it  will  be  seen  that  the  inhibitory 
effect  of  the  serum  four  times  diluted  is  greater  than  that  of  the 
blood  twice  diluted,  i.e.,  the  serum  contains  a  concentration  of 
epinephrin  more  than  twice  as  great  as  the  blood. 
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Figures  11  to  14  give  specimens  of  tracings  taken,  with  rabbit 
intestine  segments,  to  assay  the  concentration  of  epinephrin  in 
the  adrenal  vein  blood  and  serum  by  comparing  their  effects 


Fig.  10.  Rabbit  Intestine  Segment 

At  17,  Ringer  replaced  by  indifferent  serum,  and  this  at  18  by  adrenal  vein 
serum.  At  19,  Ringer  replaced  by  indifferent  blood,  and  this  at  20  bj'  adrenal 
veii\  blood.     The  bloods  and  sera  were  diluted  with  4  volumes  Ringer. 


Fig.  11. 

At  25,  Ringer  was  replaced  by  indifferent  blood  (from  a  jugular  vein)  diluted 
with  4  volumes  Ringer,  and  this  at  26  by  jugular  blood  to  which  1 :  2,000,000 
adrenalin  was  added,  the  mixture  being  then  diluted  with  four  volumes  Ringer. 
At  27,  Ringer  was  replaced  by  jugular  serum,  diluted  with  4  volumes  Ringer, 
and  this  at  28  by  jugular  serum  to  which  1  : 3,000,000  adrenalin  was  added,  the 
mixture  being  then  diluted  with  4  volumes  Ringer. 
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with  those  of  blood  and  serum  to  which  adrenalin  had  been 
added  in  known  amounts.  The  adrenaUn  blood  and  serum  before 
applicatioli  to  the  segment  were  diluted  with  4  volumes  Ringer, 
and  the  adrenal  vein  blood  and  serum  were  similarly  diluted. 
It  will  be  understood,  for  instance,  that  when  a  blood  or  senmi 
containing,  say,  1 :  2,000,000  adrenalin  is  used,  this  is  the  original 
concentration  before  dilution  with  the  4  volumes  Ringer. 

At  25  (fig.  11)  Ringer  was  replaced  by  jugular  blood,  and  this 
at  26  by  jugular  blood  containing  1 : 2,000,000  adrenahn.  By 
comparing  observation  26  A^dth  observation  20  (fig.  10)  it  will 
be  obvious  that  1 :  2,000,000  is  far  above  the  concentration  of 
epinephrin  in  the  adrenal  vein  blood.  At  27  (fig.  11)  Ringer 
was  replaced  by  jugular  serum,  and  this  at  28  by  jugular  serum 
containing  1 :  3,000,000  adrenaUn.  If  this  observation  be  com- 
pared wdth  observation  18  (fig.  10)  it  will  be  seen  that  the 
concentration  of  epinephrin  in  the  serum  of  the  second  pocket 
specimen  is  very  nearly  1 :  3,000,000. 

In  figure  12  (observation  30)  it  is  shown  that  1 :  7,000,000  is 
much  below  the  concentration  in  this  serum.  Comparing  observa- 
tion 30  with  observation  20  (fig.  10),  it  can  be  deduced  that 
1 :  7,000,000  is  greater  than  the  concentration  in  the  blood  of 
the  second  pocket  specimen.  In  figure  13  it  is  demonstrated 
(observation  46)  that  1 : 6,000,000  is  much  above  the  concen- 
tration of  epinephrin  in  the  blood  of  the  second  pocket  specimen 
(observation  40),  and  that  1:10,000,000  (observation  48)  is 
below  the  concentration.  So  far,  then,  we  have  determined  that 
the  concentration  in  this  blood  lies  between  1 :  7,000,000  and 
1 :  10,000,000,  probably  nearer  the  former.  In  figure  14  it  is 
shown  that  indifferent  blood  containing  1 : 8,000,000  adrenaUn 
(observation  66)  produces  almost  the  same  effect  on  the  intes- 
tine segment  as  blood  of  the  second  pocket  specimen  in  similar 
dilution  (observation  64). 

Accordingly,  in  this  blood  the  epinephrin  concentration  is 
approximately  1 :  8,000,000,  while  in  the  serum  separated  from 
it  it  is  approximately  1 :  3,000,000.  The  blood  of  this  dog  was 
unusually  rich  in  corpuscles,  a  circumstance  favorable  rather 
than  otherwise  for  our  purpose,  as  a  given  concentration  of 


406 


G.    N.    STEWART   AND   J.    M.    ROGOFF 


Fig.  12.  Rabbit  Intestine  Segment 

At  ^9,  Ringer  was  replaced  by  jugular  blood,  diluted  with  4  volumes  Ringer, 
and  this  at  SO  by  jugular  blood  to  which  1:  7,000,000  adrenalin  was  added,  the 
mixture  being  then  diluted  with  four  volumes  Ringer.  At  35,  Ringer  was  re- 
placed by  jugular  serum,  diluted  with  4  volumes  Ringer  and  this  at  36  by  jugular 
serum  to  which  1:  7,000,000  adrenalin  had  been  added,  the  mixture  being  then 
diluted  with  4  volumes  Ringer.  \ 


Fig.  13.  Rabbit  Intestine  Segment 

At  S9,  Ringer  was  replaced  by  jugular  blood,  diluted  with  four  volimaes  Ringer, 
and  this  at  40  by  adrenal  vein  blood  similarly  diluted.  At  4^,  Ringer  was  re- 
placed by  jugular  blood  diluted  with  four  volumes  Ringer  and  this  at  46  by 
jugular  blood  to  which  1:6,000,000  adrenalin  had  been  added.  The  mixture 
being  then  diluted  with  4  volumes  Ringer.  At  47  Ringer  was  replaced  by  jugu- 
lar blood  diluted  with  4  volumes  Ringer,  and  this  at  48  by  jugular  blood  to  which 
1:  10,000,000  adrenalin  had  been  added,  the  mixture  being  then  diluted  with 
4  volumes  Ringer. 
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epinephrin  in  the  blood  would  correspond  to  a  greater  con- 
centration in  the  serum  than  with  a  blood  poorer  in  corpuscles. 
The  proportion  of  serum  in  the  blood  of  the  second  pocket 
specimen  as  determined  by  the  electrical  method  was  36.5  per 


Fig.  14.  Rabbit  Intestine  Segment 

At  6S  Ringer  was  replaced  by  jugular  blood  diluted  with  4  volumes  Ringer, 
and  this  at  64  by  adrenal  vein  blood  similarly  diluted.  At  65  Ringer  was  re- 
placed b}  jugular  blood  diluted  with  4  volumes  Ringer,  and  this  at  66  by  jugular 
blood  to  which  1:  8,000,000  adrenalin  had  been  added,  the  mixture  being  then 
diluted  with  4  volumes  Ringer. 


Fig.  15.  Effect  of  Adrenal  Blood   (16),  Sekum  (15),   and  Sediment    {18) 
ON  A  Rabbit  Uterus  Segment 

All  the  specimens  were  diluted  with  5  volumes  Ringer 

cent.  By  the  haematocrit  it  was  29.5  p>er  cent  after  forty  minutes 
rotation,  33  per  cent  after  sixty  minutes,  and  35  per  cent  after 
seventy  minutes.  The  serum  separated  very  slowly,  as  was  also 
the  case  when  the  blood  was  centrifuged  in  the  large  centrifuge. 


408 


G.    N.    STEWART  AND   J.    M.    ROGOFF 


Taking  the  proportion  of  serum  as  36  per  cent,  and  the  con- 
centration of  epinephrin  in  it  at  1 :  3,000,000,  the  blood  would 
contain  1 :  8,300,000  on  the  supposition  that  it  is  all  in  the  serum. 
The  great  deficiency  of  the  sediment  of  the  same  specimen  of 
adrenal  vein  blood  in  epinephrin  as  compared  with  the  serum 
was  strikingly  confirmed  on  the  rabbit  uterus  segment  (fig.  15). 
Observation  15  shows  the  rise  of  tone  produced  when  Ringer 


Fig.  16.  Rabbit  Intestine  Segment  Tests,  to  Show  Increase  in  Epinephrin 
Concentration  in  Successive  Samples  of  Adrenal  Vein  Blood 

At  49,  Ringer  was  replaced  by  jugular  vein  blood,  and  this  at  50  by  the  first 
specimen  of  adrenal  blood.  At  52,  tl^e  second  specimen,  and  at  54  the  third 
specimen  of  adrenal  blood  replaced  jugular  blood.  All  the  bloods  were  diluted 
with  4  volumes  Ringer. 

was  replaced  by  the  serum  (diluted  with  5  volumes  of  Ringer) ; 
observation  16,  the  smaller  increase  of  tone  caused  by  the  blood 
similarly  diluted.  The  sediment  in  the  same  dilution  (observa- 
tion 18)  caused  practically  no  effect. 

We  may  conclude,  then,  that  within  the  Umits  of  error  of  such 
an  assay  as  is  possible  with  intestine  and  uterus  segments,  the 
naturally  secreted  epinephrin  in  dog's  adrenal  vein  blood  is  all 
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in  the  plasma.  It  follows  from  this  that  iu  searching  for  such 
minute  concentrations  of  epinephrin  as  can  exist  in  the  blood, 
the  chance  of  detection  is  about  twice  as  great  with  serum  (or 
plasma)  as  with  blood.  Further,  the  effective  concentration  of 
epinephrin  which  acts  upon  sensitive  structures  exposed  to  blood 
containing  it  is  about  double  the  concentration  calculated  on 
the  volume  of  the  entire  blood.  It  is  obvious  that  it  is  not  per- 
missible to  compare  serum  and  blood  on  the  assumption  that  the 
epinephrin  is  uniformly  distributed  over  erythrocytes  and  serum; 


Fig.  17.  Effect  of  the  Sera  from  the  Bloods  Whose  Action  on  the  Intestine 
Segment  is  Shown  in  Figure  16 

At  58,  serum  of  the  first  specimen  of  adrenal  vein  blood  replaced  serum  of 
jugular  blood.  At  60,  serum  of  the  second  specime^,  and  at  62  serum  of  the 
third  specimen,  replaced  jugular  blood  serum.  All  the  sera  were  diluted  with  4 
v<d«nnes  Ringer. 


to  conclude,  for  instance,  from  the  fact  that  a  smaller  concen- 
tration of  epinephrin  was  found  in  a  sample  of  blood  than  in 
the  serum  of  another  sample,  that  the  rate  of  liberation  of  epi- 
nephrin had  increased  during  the  collection  of  the  second  sample. 
A  striking  illustration  of  the  fact  that  the  epinephrin  is  in  the 
plasma  is  afforded  by  comparison  of  the  effects  upon  intestine 
segments  of  a  series  of  samples  of  blood  successively  collected 
from  the  adrenal  vein  with  the  effects  of  the  sera  separated  from 
them.  It  is  known  that  in  general  the  epinephrin  concentration 
increases  in  the  successive  samples  of  blood,  at  lea^t  when  the  rate 
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of  flow  is  progressively  diminishing.  The  increase  is  far  too  great 
to  be  accounted  for  by  any  increase  in  the  relative  proportion 
of  plasma  to  corpuscles  associated  with  hemorrhage  without 
change  in  the  concentration  of  epinephrin  in  the  plasma  (table  1). 
And  figures  16  and  17  show  clearly  that  the  concentration  in  the 
sera  of  successive  samples  goes  on  increasing.  Each  serum  not 
only  produces  a  greater  inhibition  of  the  intestine  segment  than 
the  corresponding  blood,  but  a  greater  inhibition  than  the  serum 
of  an  earlier  specimen. 


TABLE  1 


Jugular  blood 

Jugular  serum 

First  adrenal  blood. . . 
First  adrenal  serum . . . 
Second  adrenal  blood. 
Second  adrenal  serum 
Third  adrenal  blood. . 
Third  adrenal  serum.. 


K  X  10*  AT  5°C 

PERCENTAGE 
OF  SERUM 

19.7 

35.7 

85.1 

20.7 

36.4 

87.1 

20.6 

36.5 

86.8 

22.0 

39.4 

85.1 

Our  -observations  were  confined  to  cat's  and  dog's  blood. 
Whether,  as  in  the  well-known  instance^  of  dextrose,  naturally 
secreted  epinephrin  or  added  adrenalin  distributes  itself  differ- 
ently in  the  blood  of  different  species  of  animal  there  is  no  evi- 
dence. 

SUMMARY 

1.  When  adrenalin  is  added  to  defibrinated  cat's  or  dog's 
blood  it  is  all  found  in  the  serum  within  the  limits  of  error  of  the 
methods  employed  for  its  assay  (colorimetric  method  of  Folin, 
Cannon  and  Denis;  EUiott's  method;  rabbit  intestine  and 
uterus  segments). 

2.  The  same  is  true  of  the  naturally  secreted  epinephrin  in 
dog's  adrenal  vein  blood. 


"  Rona  and  Michaelis:  Biochem.  Zeitsch.  1909,  xvi,  60;  xviii,  375, 514;  1910,  xxx, 
99,  etc. 
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The  hyperglycaemia  and  glycosuria  associated  with  asphyida 
have  been  explained  by  some  \\Titers  as  due  to  stimulation  of  the 
adrenals  to  increased  Uberation  of  epinephrin.  This,  however, 
is  a  hypothesis  unsupported  by  any  conclusive  evidence  showing 
that  in  asphyxia  the  rate  at  which  epinephrin  is  discharged  is, 
as  a  matter  of  fact,  increased.  Since  it  has  been  proved  that  the 
Hberation  of  epinephrin  from  the  adrenals  is  under  the  control 
of  nerves,  it  would  seem  probable  that  asphyxia,  which  causes 
excitation  of  so  many  nervous  centers,  might  excite  the  central 
mechanism  on  which  the  epinephrin  secretion  depends.  We 
endeavored  to  put  the  question  to  the  test  by  collecting  adrenal 
blood  in  a  vena  cava  pocket,  and  then  by  releasing  the  pocket 
permitting  it  to  ehcit  the  reactions  appropriate  to  epinephrin 
on  the  blood  pressure.  In  cases  in  which  the  pupil  was  not  too 
greatly  dilated  by  the  asphyxia  the  (denervated)  eye  reactions, 
after  excision  of  the  superior  cer\'ical  ganghon  according  to  the 
procedure  of  Meltzer,  were  also  employed.  The  results  were 
negative  (1).  No  clear  difference  could  be  made  out  in  the 
magnitude  of  the  reactions,  in  cats,  when  adrenal  blood  was 
collected  in  the  pocket  for  equal  times  with  and  without  asphyxia. 
As  the  epinephrin  is,  of  course,  greatly  diluted  before  it  reaches 

1  A  preliminary  account  of  the  work  was  given  at  the  joint  meeting  of  the 
Federation  of  American  Societies  for  Experimental  Biology,  December  28,  1916. 
A  note  was  published  in  the  Proceedings  of  the  Society  for  Experimental  Biology 
and  Medicine,  January  17,  1917. 
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the  sensitive  structures  concerned  in  the  blood  pressure  and  eye 
reactions,  we  have  repeated  the  observations  with  unmixed 
adrenal  blood  withdrawn  from  the  cava  pocket  by  a  cannula 
and  tested  upon  rabbit  intestine  and  uterus  segments  according 
to  the  method  introduced  by  one  of  us  (2).  Specimens  of  adrenal 
blood  were  collected  for  accurately  measured  periods  of  time, 
with  free  and  with  obstructed  respiration.  Since  when  the 
adrenal  blood  flow  is  diminishing  in  successive  samples,  the  con- 
centration of  epinephrin  goes  on  increasing,  the  asphyxial  and 
non-asphyxial  periods  did  not  follow  each  other  in  any  definite 
order,  so  that  an  increase  of  concentration  due  merely  to  the 
diminution  in  the  blood  flow  might  not  simulate  an  increase  dufe 
to  asphyxia.  Special  weight  was  also  given  to  observations  in 
which  the  successive  samples,  with  and  without  asphyxia,  were 
collected  with  unchanged  rate  of  blood  flow.  Experiment  1  is 
an  example  of  such  experiments. 

Experiment  1.  Condensed  protocol.  Cat  (male).  3.41  kgm., 
weight.  Urethane.  A  sample  of  indifferent  blood  was  obtained  from 
the  jugular  vein.  Then  a  cava  pocket  ("short"  pocket)  was  made, 
the  renal,  coeliac,  mesenteric  arteries  and  abdominal  aorta  below  the 
renals  being  tied.  The  following  adrenal  blood  samples  were  then 
collected. 


NUMBER 

OF   ADRENAL 

SPECIMEN 

BLOOD  COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  FLOW  PER 
MINUTE 

BBMABKS 

grama 

minutes 

seconds 

grama 

1 

2.0 

50 

2.2 

No  asphyxia 

2 

2.9 

1 

15 

2.3 

Asphyxia 

3 

3.1 

1 

20 

2.4 

AsphjTcia 

4 

3.3 

1 

45 

1.9 

Without  asphyxia 

5 

4.0 

2 

2.0 

Without  asphyxia 

6 

3.2 

2 

1.6 

Asphyxia 

7 

2.0 

1 

2.0 

Without  asphyxia 

8 

6.5 

4 

25 

1.5 

Without  asphyxia 

Blood  was  now  obtained  from  the  abdominal  aorta, 
weight  of  adrenals,  0.550  gram. 


Combined 


In  figure  1,  it  will  be  seen  that  the  sixth  adrenal  specimen 
(collected  during  asphyxia)   and  the  fifth  specimen   (collected 
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^^-ithout  asphyxia)  caused  almost  the  same  amount  of  inhibition 
of  the  intestine.  The  same  thing  is  seen  in  figure  2,  where  the 
two  specimens  were  compared  in  a  different  dilution.  If  the 
sixth  specimen  has  a  shghtly  greater  effect  this  is  certainly  no 
more  than  would  be  associated  with  the  somewhat  smaller  rate 
of  blood  flow  when  the  sixth  sample  was  being  collected.  If 
asphyxia  is   capable   of  stimulating  the  adrenal  to  increased 


Fig.  1.  IxTESTixE  Tracings.     Blood  from  Cat  Anesthetized  with  Urethane 

At  IS,  Ringer  was  replaced  by  jugular  blood,  and  this  at  IS  by  the  fifth  adrenal 
blood  sp>ecimen,  collected  without  asphyxia.  At  14,  Ringer  was  replaced  by 
jugular  blood,  and  this  at  15  by  the  sixth  adrenal  blood  specimen,  collected  during 
asphj-xia.  The  bloods  were  diluted  with  six  volumes  of  Ringer.  As  in  all 
the  tracings,  the  time  is  marked  in  half  minutes.     (Reduced  to  two-thirds.) 

secretion  of  epinephrin,  a  marked  preponderance  of  epinephrin 
concentration  ought  to  have  been  seen  in  the  sixth  specimen. 
In  figure  3,  the  first  adrenal  specimen  (collected  ^^ithout  asphj-xia) 
is  seen  to  produce  at  least  as  great  an  effect  as  the  third  specimen 
(collected  during  asphj^da).  The  blood  flows  being  practically 
equal  during  the  collection  of  these  two  specimens,  it  can  be 
assumed  that  the  concentrations  of  epinephrin  in  them  would 
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have  been  equal  had  they  been  both  collected  during  free  respira- 
tion. The  obvious  conclusion  is  that  asphyxia  produced  either 
no  effect  whatever  on  the  rate  of  output  of  epinephrin;  or  so 
small  an  effect,  that  this  was  below  the  threshold  of  detectability 
with  the  intestine  segments  employed.  This  conclusion  was 
confirmed  on  rabbit  uterus  segments  (fig.  4).  The  fifth  adrenal 
specimen  caused  quite  as  great  an  increase  of  tone  as  the  third, 


Fig.  2.  Intestine  Tracings.     Blood  from  Same  Cat  Used  for  Figure  1 

At  SO  Ringer  was  replaced  by  jugular  blood,  and  this  at  31  by  the  sixth  adrenal 
specimen  (asphyxia).  At  32  Ringer  was  replaced  by  jugular  blood,  and  this  at 
SS  by  the  fifth  adrenal  specimen  (without  asphyxia).  Bloods  diluted  with  eight 
volumes  Ringer.     (Reduced  to  two-thirds.) 


and  the  sixth  specimen  showed  no  definite  preponderance  over 
the  fifth.  An  increase  in  adrenalin  concentration  from  1 :  3,000,- 
000  (fig.  4,  observation  40)  to  1:  2,000,000  (observation  41)  could 
have  been  easily  detected  by  the  uterus  segment,  and  no  doubt 
a  much  smaller  difference. 

Other  experiments  of  this  type  on  cats  yielded  a  similar  result. 
No  clear  evidence  was  obtained  in  any  of  them  from  a  comparison 


LIBERATION   OF   EPINEPHRIN    FROM   THE    ADRENALS 


53 


Fig.  3.  Intestine  Tracings.     Blood  from  Same  Cat  Used  for  Figures  1  and  2 

At  4^  Ringer  was  replaced  by  jugular  blood,  and  this  at  43  by  the  first  adrenal 
blood  specimen  (without  asphy.xia).  At  44  Ringer  was  replaced  by  jugular  blood. 
At  43  some  more  jugular  blood  was  added,  which  was  replaced  at  46  by  the 
third  adrenal  specimen  (asphyxia).  Bloods  diluted  with  eight  volumes  Ringer. 
(Reduced  to  two-thirds.) 


Fig.  4.  Uterus  Tracings  with  Blood  fro.m  Cat  Used  for  Figures  1  to  3 

At  SO  Ringer  was  replaced  by  the  fifth  adrenal  blood  specimen  (without  asphyx- 
ia); at  31  by  the  sixth  adrenal  specimen  (asphy.xia).  Both  bloods  were  diluted 
with  twenty  volumes  Ringer.  At  38  Ringer  was  replaced  by  the  fifth  adrenal 
specimen;  at  39  by  the  third  adrenal  specimen  (asphyxia).  Both  bloods  diluted 
with  nine  volumes  Ringer.  At  40  adrenalin  in  carotid  blood  (1:  3,000,000)  and 
at  4i  adrenalin  in  carotid  blood  (1:  2,000,000)  replaced  Ringer.  Both  adrenalin 
bloods,  after  being  made  lip  to  the  concentrations  mentioned,  were  diluted  with 
nine  volumes  Ringer  before  application  to  the  segment.  The  weight  was  in- 
creased between  observations  31  and  38.     (Reduced  to  one-half.) 
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of  adrenal  bloods  collected  during  and  without  asphyxia  that  the 
rate  of  epinephrin  output  was  sensibly  increased  by  asphyxia. 
In  one  of  these  experiments  on  a  cat  anesthetized  with  urethane, 
adrenal  blood  collected  during  asphyxia  was  compared  with 
adrenal  blood  collected  during  stimulation  of  sensory  nerves 
(sciatic)  (3),  and  both  specimens  with  adrenal  blood  collected 
during  free  respiration  and  without  sensory  stimulation.  No 
unequivocal  difference  in  the  rate  of  liberation  of  epinephrin  in 
the  different  samples  could  be  made  out. 

In  the  next  experiment  a  dog  was  employed,  to  insure  such  a 
large  flow  of  blood  that  the  dead  space  in  the  cannula  and  cava 
pocket  would  be  very  quickly  washed  out  between  successive 
samples.  In  the  cats,  the  "overlapping"  of  the  asphyxial  and 
non-asphyxial  specimens  was  reduced  to  a  minimum  by  begin- 
rdng  the  asphyxia  a  little  before  the  completion  of  collection  of  the 
preceding  non-asphyxial  specimen,  and  stopping  it  a  little  be- 
fore the  end  of  the  collection  of  the  asphyxial  specimen.  From 
the  very  large  blood  flows  into  the  pocket  in  experiment  2,  it  is 
possible  that  some  small  vein  going  to  the  pocket  was  left  untied, 
although  no  evidence  of  this  was  found  at  the  end  of  the  experi- 
ment. It  is  easier  in  the  cat  than  in  the  dog  to  be  certain  that 
nothing  has  escaped  Ugation.  However,  in  connection  with  the 
relatively  large  blood  flow  commonly  observed  in  these  experi- 
ments, both  in  cats  and  dogs,  it  must  be  noted  that  usually  the 
blood  pressure  was  quite  high  during  a  considerable  part  of  the 
experiment,  since  so  many  arteries  (renal,  coeliac,  mesenteric 
and  abdominal  aorta)  were  tied  off.  Whether  a  small  leak 
existed  or  not  in  this  dog  makes  no  difference  to  the  result  of  the 
experiment,  since  it  would  affect  all  the  samples  proportionally. 

Experiment  2.  Condensed  protocol.  Dog  (female).  Weight,  7.5 
kgm.  Ether.  Cava  pocket  made  (renal,  coehac,  mesenteric  and  both 
iliac  arteries  tied).  Cannulae  inserted  into  each  iliac  vein.  Indiffer- 
ent blood  obtained  from  jugular  vein.  The  following  specimens  of 
adrenal  blood  were  then  collected  from  the  cava  pocket : 

The  first  four  specimens  were  collected  through  the  right  iliac  can- 
nula, and  the  last  three  through  the  left.     While  clipping  off  the  right 
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NCUBER 

OF    ADRENAL 

SPECIMEN 

BLOOD  COLLECTED 

TIME  OF 
COLLECTION 

BLOOD  PLOW   PER 
MINUTE 

REMARKS 

CC. 

minutes 

seconds 

CC. 

1 

8.05 

20 

24.0 

Asphyxia  begim 

2 

37.1 

2 

18.5 

Asphyxia 

3 

30.5 

2 

15.2 

Without  asphyxia 

4 

23.5 

1 

47 

13.4 

Without  asphyxia 

5 

35.0 

2 

5 

16.6 

Asphyxia 

6 

23.0 

2 

20 

10.0 

Without  asphyxia 

7 

14.3 

2 

15 

6.35 

Without  asphyxia 

and  releasing  the  left  the  pocket  filled  up,  and  the  amount  of  blood 
collected  in  the  fifth  specimen  is  greater  than  it  should  have  been. 
Thus  the  greater  flow  for  the  fifth  specimen  given  in  the  table  is  only 
apparent.  The  epinephrin  concentration  would  of  course  not  be 
affected  by  this  as  it  remained  occluded  at  the  upper  end.  Combined 
weight  of  adrenals,  0.96  gram. 


Fig.  5.  Uterus  Tracings         • 

At  1  Ringer  was  replaced  by  carotid  blood  from  a  dog;  at  2  by  the  second 
adrenal  blood  specimen  from  the  dog,  collected  during  asphyxia;  at  5  by  the 
.third  adrenal  blood  specimen,  collected  without  asphyxia;  at  4  by  the  fourth 
adrenal  specimen,  collected  without  asphyxia.  All  bloods  diluted  with  four 
volumes  Ringer.     (Reduced  to  one-half.) 


In  figure  5,  some  of  the  uterus  tracings  from  experiment  2  are 
reproduced.  Observations  2  and  3  show  that  the  third  adrenal 
sample  (collected  without  asphyxia)  is  at  any  rate  as  rich  in 
epinephrin  as  the  second  (collected  during  asphyxia).     Intestine 
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segment  tracings,  not  reproduced,  demonstrated  that  the  third 
specimen  contained,  indeed,  somewhat  more  epinephrin  than  the 
second,  which  agrees  with  the  sUghtly  greater  blood  flow  dm-ing 
collection  of  the  second  specimen.  The  progressive  increase 
in  concentration  in  successive  samples  was  well  shown  on  the 
uterus  segments,  for  the  adrenal  specimens  from  the  fifth  to  the 
seventh,  despite  the  fact  that  the  sixth  and  seventh  samples 
were  collected  without  asphyxia  and  might  therefore  have  been 
expected  to  possess  a  smaller  content  of  epinephrin  than  the 
fifth  sample,  had  asphyxia  been  capable  of  increasing  the  output 
to  an  extent  detectable  by  these  methods. 

It  might  be  objected  that  under  the  experimental  conditions 
(anesthesia,  trauma,  etc.)  the  output  of  epinephrin  was  so  stimu- 
lated that  it  was  already  at  or  near  the  possible  maximum  in 
the  periods  of  free  respiration.  In  this  case  asphyxia  could 
not  cause  a  demonstrable  increase.  Although  it  is  easy  to  show 
that  the  rate  of  liberation  under  the  same  conditions  can  be 
readily  increased  through  the  secretory  nerves,  namely,  by 
electrical  stimulation  of  the  splanchnic,  some  experiments  were 
made  in  which  the  use  of  a  chemical  anesthetic  was  avoided, 
naturally  by  the  substitution  of  methods  which  rendered  the 
animal  completely  insensitive.  No  difference  in  the  result  was 
found. 

Experiment  3.  Condensed  protocol.  Dog  (male).  Weight,  11.05 
kgm.  Rendered  insensitive  by  destruction  of  the  cerebral  cortex 
with  some  of  the  underlying  centrum  ovale.  Under  ether,  trephined 
and  curetted  away  the  cerebral  cortex.  Tracheal  and  jugular  cannulae 
inserted  and  specimen  of  jugular  blood  obtained.  "Short"  cava  pocket 
made,  renal,  coeliac  and  mesenteric  arteries  and  abdominal  aorta  being 
tied.  Started  artificial  respiration,  although  the  animal  was  breathing 
spontaneously,  and  collected  the  following  adrenal  blood  samples: 


NUMBER 

OF   ADRENAL. 

SPECIMEN 

BLOOD  COLLECTED 

TIME    OF 
COLLECTION 

BLOOD    FLOW    PER 
MINUTE 

REMARKS 

1 

2 
3 
4 
5 

grams 

7.0 

7.7 
8.5 
8.8 
4.5 

minutes 

1 

2 
4 
5 
6 

seconds 
45 
35 

40 

grams 

4.0 
3.0 
2.1 
1.5 
0.75 

Without  asphyxia 
Without  asphyxia 
During  asphyxia 
During  asphyxia 
Without  asphyxia 
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A  sixth  specimen  was  collected  during  asphyxia,  but  partial  clotting 
in  the  cannula  prevented  proper  estimation  of  the  rate  of  flow. 

Specimens  of  the  uterus  tracings  from  experiment  3  are 
reproduced  in  figure  6.  A  regular  increase  in  the  efifect  'is  ob- 
served from  the  second  to  the  sixth  adrenal  specimen,  without 
any  apparent  relation  to  the  presence  or  absence  of  asphj^da. 
The  second  specimen  (observation  28)  caused  a  smaller  increase 


Fig.  6.  Uterus  Tracings.     Blood  from  Dog  With  Cerebral  Hemispheres 

Destroyed 

At  28  Ringer  was  replaced  by  the  second  adrenal  specimen  (without  asphyxia) ; 
at  S9  by  the  third  adrenal  specimen  (asphyxia) ;  at  SO  by  the  fourth  adrenal  speci- 
men (asphyxia);  at  31  by  the  fifth  adrenal  specimen  (without  asphyxia);  at  37 
by  the  sixth  adrenal  specimen  (asphyxia);  at  41  by  jugular  vein  blood.  All 
bloods  diluted  with  fifteen  volumes  Ringer.  At  34  adrenalin  in  jugular  blood 
(1:2,000,000);  at  35  adrenalin  in  jugular  blood  (1:3,000,000);  at  36  adrenalin 
in  jugular  blood  (1 :  4,000,000)  replaced  Ringer.  The  adrenaUn  bloods,  after  being 
made  up  to  the  concentrations  mentioned,  were  diluted  with  15  volumes  Ringer 
before  application  to  the  segment.     (Reduced  to  one-half.) 

of  tone  in  the  segment  than  the  third  (observ^ation  29).  But 
this  was  not  due  to  its  having  been  collected  during  asphyxia, 
for  the  fifth  specimen  (observation  31),  collected  without  as- 
phyxia, produced  a  decidedly  greater  effect  than  the  fourth  (ob- 
servation 30),  collected  during  asphyxia.  The  third  and  fourth 
specimens  were  both  collected  during  asphyxia;  but  the  fourth 
caused  the  greater  effect  upon  the  uterus,  particularly  as  regards 
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the  persistence  of  the  mcreased  tone.  The  somewhat  greater 
concentration  of  epinephrin  in  the  fourth  specimen,  as  compared 
with  the  third,  cannot  be  connected  vdth  any  stimulation  of  the 
epinephrin  secretion  by  asphyxia,  since  this  would  equally  be 
present  during  collection  of  the  third  specimen.  It  is  undoubt- 
edly due  to  the  fact  that  the  rate  of  flow  when  the  fourth  speci- 
men was  being  obtained  was  somewhat  less  than  when  the  third 
specimen  was  being  obtained.  The  rate  of  liberation  of  epi- 
nephrin per  minute  being  approximately  constant  at  this  time,  a 
diminution  in  the  rate  of  blood  flow  was  necessarily  associated 
with  a  corresponding  increase  in  the  epinephrin  concentration. 
An  increase  in  concentration  from  1 : 4,000,000  to  1 :  3,000,000, 
or  from  1:3,000,000  to  1:2,000,000  (observations  34  to  36) 
could  easily  be  detected  by  the  uterus  segment,  and  assuredly 
much  smaller  changes  in  concentration. 

ElUott  (4)  states  that  after  brain  mutilations  in  cats  the 
epinephrin  store  of  the  adrenals  is  markedly  diminished  through 
the  nerves  coming  to  the  semilunar  ganglion  from  the  sympa- 
thetic. He  considers  that  this  is  due  to  irritation  of  a  secretory 
nerve  path  caused  by  the  brain  lesion  leading  to  increased  dis- 
charge of  epinephrin.  However,  he  made  no  experiments  to 
show  that  the  rate  of  hberation  is,  as  a  matter  of  fact,  increased. 
Assays  of  adrenal  blood  specimens  from  the  dog  studied  in 
experiment  3  showed,  indeed,  that  the  output  of  epinephrin  per 
kilogram  of  body  weight  per  minute  was  less  than  that  usually 
found  in  anesthetized  dogs  wdth  intact  central  nervous  system. 
The  lack  of  the  stimulating  action  on  the  secretory  mechanism 
attributed  by  various  wTiters  to  anesthetics  might  seem  to  afford 
an  explanation.  There  is  no  real  proof,  however,  that  anesthet- 
ics possess  such  an  action.  In  any  case,  the  moderate  rate  of 
output  of  epinephrin  with  free  respiration  ought  to  have  suppUed 
the  most  favorable  condition  for  bringing  out  an  asphyxial 
increase,  if  any  decided  increase  could  be  produced  by  asphyxia. 

In  the  next  experiment  (experiment  4),  mutilation  of  the  brain 
and  chemical  anesthesia  were  both  avoided  by  rendering  the 
animal  insensitive  through  increase  of  intracranial  pressure. 
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Experiment  4-  Condensed  protocol.  Dog  (female).  Weight,  10.4 
kgm.  Under  ether,  trephined;  inserted  rubber  bag  (condom)  through 
trephine  hole;  brought  up  the  pressure  to  250  mm.  of  mercur>',  and  kept 
the  pressure  between  200  and  250  mm.  through  the  whole  time  of  col- 
lection of  the  adrenal  bloods.  Ether  was  discontinued  as  soon  as  the 
pressure  was  begun,  and  artificial  respiration  was  started.  A  sample 
of  jugular  blood  was  obtained.  Then  a  "short"  cava  pocket  was  made, 
the  renal,  coeUac  and  mesenteric  arteries  and  abdominal  aorta  being 
tied.     The  following  specimens  of  adrenal  blood  were  collected: 


NUMBEB 

OF  ADREXAI, 

SPECIMEN 

BLOOD 
COLLECTED 

TIME   OP 
COLLBCnOJJ 

BLOOD 

FLOW  PER 

MIXTTE 

REMARKS 

gram* 

minutes 

teeonds 

gram* 

1 

6.3 

1 

10 

6.0 

Without  asphyxia 

2 

6.8 

4 

15 

1.6 

With  asphj-xia 

3 

4.5 

3 

20 

1.4 

Without  asphyxia 

4 

5.7 

3 

40 

1.6 

Without  asphyxia 

5 

6.8 

4 

1.7 

During  asphyxia 

6 

9.0 

5 

30 

1.7 

During  asphyxia 

7 

7.7 

3 

2.6 

Without  asphyxia 

8 

13.8 

5 

20 

2.6 

Without  asphyxia 

9 

9.0 

5 

1.8 

With  greater  degree  of  asphyxia  than 
before 

10 

6.4 

2 

40 

2.5 

Without  asphyxia 

Combined  weight  of  adrenals,  1.46  grams.  Clot  was  removed  from 
the  cannula  between  collection  of  the  fourth  and  fifth  samples,  and 
again  between  the  ninth  and  tenth  samples. 

In  figures  7  and  8  are  reproduced  some  of  the  intestine  segment 
tracings  from  experiment  4.  Figure  7  shows  that  the  third 
adrenal  specimen  (obtained  without  asphjTda)  had  a  somewhat 
greater  inhibitory  power  than  the  second  specimen  (collected 
during  asph\xia),  corresponding  to  the  somewhat  slower  flow 
of  the  third  specimen.  The  difference  in  the  flows,  however, 
w^as  so  slight  that  asphjTdal  stimulation  of  the  secretion  ought 
to  have  easily  produced  an  excess  of  epinephrin  in  the  second 
specimen  had  any  detectable  stimulation  existed.  The  con- 
centration of  epinephrin  in  the  third  specimen  was  about  1 : 3,- 
000,000  (fig.  8,  observations  40  and  44),  and  much  greater  than 
1:5,000,000    (obser\'ation    42).     Similar    comparisons    of    the 
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other  samples  collected  with  free  respiration  and  during  asphyxia 
yielded  the  same  result.  In  no  case  was  any  difference  found 
which  could  be  attributed  to  asphyxia.  This  was  not  because 
the  concentrations  were  already  maximal,  although  owing  to 
the  relatively  small  blood  flow  they  were  fairly  high  for  a  dog. 

The  objection  might  be  offered  that  the  high  intracranial 
pressure  had  rendered  the  central  mechanism  concerned  in  the 


Fig.  7.  Intestine   Tracings.     Blood   from  Dog  Rendered  Insensitive   by 
Increased  Intracranial  Pressure  (Experiment  4) 

At  ^3  Ringer  was  replaced  by  jugular  blood,  and  this  at  24  by  the  third  adrenal 
specimen  (collected  without  asphyxia).  At  25  Ringer  was  replaced  by  jugular 
blood,  and  this  at  26  bj'  the  second  adrenal  specimen  (asphyxia).  Bloods  diluted 
with  two  volumes  Ringer.     (Reduced  to  two-thirds.) 


liberation  of  epinephrin  anemic,  supposing  it  to  be  situated 
within  the  skull,  and  that  it  was  therefore  incapable  of  respond- 
ing to  the  asphyxial  blood. ^     We  have  shown,  however,  that 

2  It  was,  indeed,  with  the  object  of  testing  this  idea  that  the  high  intracranial 
pressure  was  maintained  throughout  the  experiment.  Two  of  the  adrenal  blood 
samples,  the  fifth  and  the  eighth,  had  a  decidedly  smaller  concentration  of  epi- 
nephrin, as  tested  by  rabbit  intestine  segments,  than  samples  obtained  earlier, 
as  well  as  later  in  the  series.     We  have  never  observed  this  phenomenon  except 
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(in  the  cat)  a  central  mechanism  for  epinephrin  secretion  exists 
in  the  upper  part  of  the  thoracic  cord  (5) ;  and  there  is  no  ap- 
parent reason  why  this  should  not  have  been  stimulated  by  as- 
phjTda.  Further,  it  must  be  distinctly  pointed  out  that  even  if  it 
were  clearly  proved  that  a  ''center"  exists  in  the  b\ilb  or  higher, 
the  integrity  of  which  is  essential  to  the  reduction  of  the  epi- 


FiG.  8.  Intestine  Tracings.     Blood  from  the  Same  Dog  Used  for  Figure  7 

At  S9  Ringer  was  replaced  by  jugular  blood  and  this  at  40  by  the  third  adrenal 
blood  specimen  (without  asphyxia).  At  41  Ringer  was  replaced  by  jugular  blood, 
and  this  at  4^  by  adrenalin  (1:  5,000,000)  in  jugular  blood.  At  43  Ringer  was 
replaced  by  jugular  blood  and  this  at  44  by  adrenalin  (1:  3,000.000)  in  jugular 
blood.  The  bloods  were  diluted  with  two  volumes  Ringer,  the  adrenalin  bloods 
being  first  made  up  in  undiluted  blood  to  the  concentrations  mentioned,  and  the 
mixture  then  diluted  (with  two  volumes  Ringer).     (Reduced  to  two-thirds.) 

nephrin  store  of  the  adrenals  under  various  conditions  (Elliott 
(4)),  this  is  no  direct  proof  that  such  a  center  controls  the  rate  of 

in  two  dogs  with  increased  intracranial  pressure.  In  the  cats  with  increased 
intracranial  pressure  it  was  not  seen.  In  any  case,  in  the  experiment  under 
discussion  the  deficiency  of  "epinephrin  in  these  two  samples  affords  no  evidence 
that  asphyxia  stimulates  the  secretion  of  epinephrin.  For  one  of  the  specimens 
(the  fifth)  was  collected  during  asphyxia  and  the  other  (the  eighth)  with  free 
respiration.  It  is  conceivable,  of  course,  that  an  intracranial  "centre"  already 
crippled  by  anaemia,  might  have  its  paralj'sis  completed  by  a  period  of  asphyxia. 
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liberation  of  epinephrin  into  the  blood.  For  an  increased  output 
of  epinephrin  is  not  the  only  way  in  which  a  diminution  of  the 
epinephrin  store  in  the  adrenals  could  be  caused.  Neverthe- 
less, in  experiment  5  an  attempt  was  made  to  take  account  of 
this  objection  by  lowering  the  intracranial  pressure  as  soon  as 
the  animal  became  insensitive.  The  result  of  Experiment  5, 
however,  differed  in  no  essential  way  from  that  of  Experiment  4. 

Experiment  5.  Condensed  protocol.  Dog  (male).  Weight,  9.25 
kgm.  Rendered  insensitive  by  increased  intracranial  pressure.  Under 
ether,  trephined  and  inserted  rubber  bag.  Got  up  pressure  to  250 
mm.  of  mercury.  Discontinued  ether.  Decreased  the  pressure  as  the 
blood  pressure  fell.  Started  artificial  respiration.  Obtained  speci- 
men of  jugular  blood.  Made  short  cava  pocket,  tying  renal,  coeliac 
and  mesenteric  arteries  and  abdominal  aorta.  Collected  the  following 
specimens  of  adrenal  blood: 


NUMBER 
OF   ADRENAI, 

SPECIMEN 

BLOOD  COLLECTED 

TIME   OF 
COLLECTION 

BLOOD  FLOW   PER 
MINUTE 

REMA.RK3 

grams 

minute* 

teconis 

grama 

1 

2 

14.3 

8.7 

1 

45 

14.3 
11.6 

Without  asphyxia 
Without  asphyxia 

3 
4 
5 
6 

7 

8.8 

6.7 

14.9 

12.4 

20.7 

1 
1 

2 
2 
2 

50 
40 
15 
30 
55 

5.0 
4.2 
6.6 
5.0 

6.8 

During  asphyxia 
During  asphyxia 
Without  asphyxia 
Without  asphyxia 
During  asphyxia 

8 

10.3 

1 

30 

6.8 

Without  asphyxia 

Another  specimen  of  jugular  blood  was  now  obtained.  All  the 
bloods  were  centrifuged,  and  the  sera  tested  on  rabbit  intestine  and 
uterus  segments.     Combined  weight  of  adrenals,  1.32  grams. 

Specimens  of  intestine  segment  tracings  from  experiment  5 
are  reproduced  in  figures  9  and  10.  In  figure  9,  it  is  shown  that 
serum  of  the  sixth  adrenal  specimen  (observation  21)  caused 
practically  the  same  inhibition  as  serum  of  the  seventh  specimen 
(observation  23),  although  the  seventh  was  collected  during 
asphyxia,  and  the  sixth  with  free  respiration.  Adrenalin  assays 
(samples  of  the  tracings  are  reproduced  in  fig.  10),  proved  that 
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the  sera  of  the  sixth  and  seventh  specimens  contained  much 
more  than  1:8,000,000  epinephrin  (observation  29),  and  as 
nearly  as  possible  1:5,000,000  (observation  27),  corresponding 
to  an  output  of  less  than  0.0001  mgm.  per  kilo  of  body  weight 
per  minute.  This  is  below  rather  than  above  the  average  output 
for  dogs  anesthetized  with  ether,  and  the  concentration  is  consid- 
erably below  the  average  for  the  sera,  as  estimated  in  this  way. 


Fig.  9.  Intestine  Tracings.     Blood  Serum  trom  Dog  Rendered  Insensitive 
BY  Increased  Intracranial  Pressure  (Experiment  5) 

At  SO  Ringer  was  replaced  by  jugular  blood  serum,  and  this  at  21  by  serum  of 
the  sixth  adrenal  specimen  (without  asphyxia).  At  22  Ringer  was  replaced  by 
jugular  serum,  and  this  at  2S  by  the  serum  of  the  seventh  adrenal  specimen 
(asphyxia).  All  the  sera  were  diluted  with  two  volumes  Ringer.  (Reduced  to 
two-thirds.) 

The  concentration  of  epinephrin  in  those  sera  is  much  below  the 
possible  maximum.  Therefore,  it  ought  to  have  been  easy  to 
detect  an  increase  due  to  asphyxia,  had  asphyxia  been  capable  of 
producing  a  great  and  abrupt  augmentation  in  the  output. 

Some  of  the  uterus  tracings  are  reproduced  in  figure  11.  The 
fifth  adrenal  serum,  collected  without  asphyxia,  caused  a  some- 
what greater  increase  of  tone  than  the  fourth,  collected  during 
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asphyxia,  despite  the  fact  that  the  blood  flow  for  the  fifth  was 
rather  greater  than  for  the  fourth  specimen;  and  that  the  con- 
centration in  the  fifth  specimen  might  therefore  have  been  ex- 
pected to  be  a  Httle  less  than  in  the  fourth.  The  difference 
between  the  two  specimens  was  confirmed  by  observations  43 
and  45,  made  with  a  greater  degree  of  dilution.  With  a  smaller 
dilution,  the  increase  of  tone  was  the  same  for  the  two  speci- 


FiG.  10.  Intestine  Tracings.     Sera  from  Same  Dog  Used  for  Figure  9 

At  B6  Ringer  was  replaced  by  jugular  serum,  and  this  at  27  by  adrenalin 
(1 : 5,000,000)  in  jugular  serum.  At  28  Ringer  was  replaced  by  jugular  serum  and 
this  at  29  by  adrenalin  (1:8,000,000)  in  jugular  serum.  The  adrenalin  sera, 
after  being  made  up  to  the  concentrations  mentioned,  were  diluted  with  two 
volumes  Ringer  before  application  to  the  segment.     (Reduced  to  two-thirds.) 

mens  (observations  46  and  47),  this  being  approximately  the 
maximal  increase  of  which  the  segment  was  capable  in  response 
to  the  combined  serum  and  epinephrin  effects  of  these  sera. 
Observations  32  and  33  (on  another  uterus  segment)  gave 
practically  the  same  effect  for  the  sera  of  the  sixth  and  seventh 
adrenal  specimens,  when  the  persistence  of  the  increase  of  tone 
is  taken  iato  account,  the  uterus  response  being  almost  maximal. 
In  a  greater  dilution,  however,  a  difference  was  brought  out 
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(observ^ations  35  and  36)  in  favor  of  the  seventh  specimen,  col- 
lected during  asphj^da.  The  intestine  tracings  showed  that 
any  difference  which  existed  between  these  two  specimens  must 
have  been  slight.  It  must  be  remarked  here  that  in  comparing 
uterus  tracings  the  absolute  difference  in  height  has  not  the 


Fig.  11.  Uterus  Tracixgs.     Sera  of  Same  Dog  Used  for  Figures  9  and  10 

At  SI  Ringer  was  replaced  by  jugular  serum;  at  SB  by  serum  of  sixth  adrenal 
specimen  (collected  without  asphyxia);  at  33  by  serum  of  seventh  adrenal  speci- 
men (asphyxia).  The  three  sera  were  diluted  with  four  volumes  Ringer.  At 
S5  Ringer  was  replaced  by  serum  of  the  sixth  adrenal  blood  specimen;  at  36  by 
serum  of  the  seventh  specimen,  in  each  case  diluted  with  six  volumes  Ringer. 
At  4^  Ringer  was  replaced  by  serum  of  the  fifth  adrenal  specimen  (without  asphyx- 
ia); at  43  by  serum  of  the  fourth  adrenal  specimen  (asphyxia).  The  sera  were 
diluted  with  four  volumes  Ringer.  At  44  Ringer  was  replaced  by  serum  of  the 
fourth  adrenal  specimen;  at  43  by  serum  of  the  fifth  specimen,  in  each  case 
diluted  with  six  volumes  Ringer.  At  4^  Ringer  was  replaced  by  serum  of  the 
fourth  adrenal  specimen;  at  47  by  serum  of  the  fifth  specimen,  each  diluted  with 
three  volumes  Ringer.  Observations  31  to  36,  inclusive,  were  made  on  one  uterus 
segment;  observations  4^  and  43  on  another  segment  of  the  same  uterus;  observa- 
tions 44  to  47  on  a  segment  of  another  uterus.     (Reduced  to  one-half.) 

same  quantitative  value  as  the  difference  in  the  amount  of  in- 
hibition of  the  intestine  segments.  All  that  can  be  deduced 
from  observations  35  and  36  is  that  the  combined  serum  and 
epinephrin  effect  of  the  seventh  specimen  is  greater  than  that  of 
the  sixth.     No  estimate  can  be  formed  from  these  observations 
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as  to  the  amount  of  the  difference.  A  sensitive  uterus  segment 
practically  always  gives  a  somewhat  larger  effect  for  a  later 
than  for  an  earUer  specimen  in  the  absence  of  asphyxia,  and  the 
asphyxial  periods  in  this  experiment  do  not  seem  to  have  sen- 
Bibly  modified  this  progression.  The  blood  flows  did  not  vary 
much  from  the  fifth  to  the  eighth  specimens. 

A  similar  experiment  to  experiment  4  was  performed  on  a  cat 
(experiment  6),  and  with  a  similar  negative  result  as  regards 
any  influence  of  asphyxia  upon  the  epinephrin  output. 

Experiment  6.     Condensed  protocol.     Cat  (female).     Weight,  2.035 
kgm.     Rendered  insensitive  by  increased  intracranial  pressure. 
10.35  a.m.     Under  ether,  trephined,  and  inserted  pressure  bag.     Got 
up  pressure  to  250  mm..,  and  discontinued  ether. 

Inserted  tracheal  and  jugular  cannulae.  Obtained  jugular 
blood. 

Short  cava  pocket  made,  the  renal,  coeliac  and  mesenteric 
arteries  and  abdominal  aorta  being  tied. 

Started  artificial  respiration,  although  the  cat  was  breathing 
well  spontaneously. 

Pressure  250  mm.  'Eye  reflexes  just  gone.  Some  volun- 
tary respirations.  Pulse,  175.  Lowered  pressure  to 
170  mm. 

Lowered  pressure  to  130  mm.  Gasping  respirations  arid 
tongue  movements. 

Pressure  raised  to  230  mm. 

Started  collection  from  cava  pocket, 
to  11.24  a.m.     Gasping  respirations.     Pulse,  156.     Pressure 
raised  to  260  mm.  and  maintained  above  200  min.  dur- 
ing collection  of  the  following  adrenal  blood  specimens. 


10.45  a.m. 


11.05  a.m. 


Ii:i0  a.m. 


11.15  a.m. 


11.17  a.m. 

11.18  a.m. 

11.20  a.m. 

11.21  a.m. 


NUMBER    . 

OP  ADREEAL 

SPECIMEN 

BrOOD  COLLECTED 

TiMB  or 

COLLECTION. 

BLOOD  FLOW  PER 

MINUTE  . 

REMARKS 

grams 

minutes 

seconds 

grams 

1         . 

2.6 

1 

2.5 

Without  asphyxia 

2 

4.5 

2 

2.2 

Without  asphyxia 

3 

3.6 

2 

45 

1.3 

Without  asphyxia 

4 

2.5 

3 

30 

0.7 

During  asphyxia 

5 

1.7 

4 

.~  t 

0.4 

Without  asphyxia 

6 

2.0- 

6 

30 

0.3 

Without  asphyxia 
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Spontaneous  respirations  were  present  during  collection  of  the  second 
and  third  specimens.  No  eye  reflexes  were  present  during  collection 
of  the  adrenal  samples.  Blood  was  obtained  at  the  end  from  the  ab- 
dominal aorta.     Combined  weight  of  adrenals,  0.338  gram. 

Some  of  the  intestine  tracings  are  reproduced  in  figures  12 
and  13.     The  third  specimen  (observation  17),  collected  without 


Fig.  12.  Intestixe  Tracings.     Blood  from  Cat  Rexdered  Insensitive  by 
Increased  Intracranial  Pressure 

At  16  Ringer  was  replaced  by  jugular  blood  and  this  at  17  by  the  third  adrenal 
specimen  (collected  without  asphyxia).  At  SI  Ringer  was  replaced  by  jugular 
blood  and  this  at  22  by  the  fourth  adrenal  specimen  (asphyxia).  At  24  Ringer 
was  replaced  by  jugular  blood  and  this  at  25  by  the  fifth  adrenal  specimen  (with- 
out asphyxia).  Bloods  diluted  with  eight  volumes  Ringer.  (Reduced  to  one- 
half.) 


asphjTda,  certainly  produces  a  somewhat  smaller  effect  upon  the 
intestine  segment  (the  inhibition  is  sooner  recovered  from)  than 
the  fourth  specimen  (observation  22),  collected  during  asphyxia. 
But  this  is  clearly  associated  with  the  greater  flow  during  col- 
lection of  the  third  specimen,  and  the  fourth  adrenal  specimen 
is  no  richer  in  epinephrin  than  the  fifth  specimen  (observation 
25),    collected   without   asphyxia.     The   concentration   in   the 
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fourth  specimen  is  really  less  than  in  the  fifth.  With  a  greater 
degree  of  dilution  (fig.  13),  the  greater  effect  of  the  fifth  speci- 
men than  of.  the  fourth  in  inhibiting  the  intestine  segment  be- 
came more  evident.  The  slightly  inferior  inhibitory  power  of 
the  third  specimen  as  compared  with  the  fourth  is  thus  seen  to 
have  no  demonstrable  relation  to  the  presence  or  absence  of 
asphjrxia.     The  adrenaUn  assay  showed  that  the  fifth  specimen 


Fig.  13.  Intestine  Tracings.     Blood  from  Same  Cat  Used  for  Figure  12 

At  32  Ringer  was  replaced  by  jugular  blood  and  this  at  S3  by  the  third  adrenal 
specimen  (without  asphyxia).  At  34  Ringer  was  replaced  by  jugular  blood  and 
this  at  35  by  the  fourth  adrenal  specimen  (asphyxia).  At  36  Ringer  was  replaced 
by  jugular  blood  and  this  at  37  by  the  fifth  adrenal  specimen  (without  asphyxia). 
Bloods  diluted  with  sixteen  volumes  Ringer.     (Reduced  to  two-thirds.) 


had  a  smaller  concentration  than  1 :  800,000,  and  a  greater 
concentration  than  1:1,100,000.  This  is  as  great  a  concen- 
traction  as  is  ever  found  in  the  blood  of  the  cat,  collected  and 
tested  in  this  way. 

The  uterus  tests  (samples  of  the  tracings  are  reproduced  in 
figure  14)  confirmed  the  results  of  the  assay  on  the  intestine 
segments.  Observations  48,  50  and  51  show  that  the  tone- 
increasing  power  of  the  fifth  adrenal  specimen  was  intermediate 
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between  that  of  indifferent  blood  containing  1: 1,600,000  adren- 
alin and  that  of  indifferent  blood  containing  1 :  800,000  adrenalin. 
The  third  specimen  (without  asphyxia)  produced  only  a  slightly 
smaller  increase  of  tone  than  the  fourth  specimen  (collected 
during  asphyxia).  The  second  specimen  produced  a  much 
smaller  effect  than  any  of  the  succeeding  samples,  corresponding 
to  its  greater  rate  of  flow. 


Fig.  14.  Uterus  Tracings.    Blood  from  Same  Cat  Used  for  Figures  12  and  13 

Ringer  was  replaced  at  4S  by  the  second  adrenal  specimen  (without  asphy^da) ; 
at  46  by  the  fourth  specimen  (asphyxia) ;  at  47  by  the  third  specimen  (without 
asphyxia);  at  48  by  the  fifth  specimen  (without  asphyxia).  Bloods  diluted  with 
sixteen  volumes  Ringer.  Ringer  was  replaced  at  50  by  adrenalin  in  jugular 
blood  (1 : 1,600,000) ;  at  51  by  adrenalin  in  jugular  blood  (1 :  800,000).  The  adrena- 
lin was  added  to  the  undiluted  bloods  to  the  concentrations  mentioned,  the 
mixtures  being  then  diluted  with  16  volumes  Ringer  before  application  to  the 
segment.     (Reduced  to  one-half.) 

The  output  of  epinephrin  per  minute,  assuming  that  the  fifth 
sample  had  a  concentration  of  1:1,000,000,  would  be  0.0004 
mgm.  (0.0002  mgm.  per  kilo  of  animal  per  minute),  which  is 
about  the  same  as  is  found  in  cats  under  the  experimental  con- 
ditions, but  anesthetized  with  urethane  \Nithout  increased  in- 
tracranial pressure  (6) .  In  this  experiment,  accordingly,  neither 
the  absence  of  a  chemical  anesthetic  nor  the  increased  intra- 
cranial pressure  seems  to  have  diminished  the  output. 
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This  conclusion  is  supported  by  experiment  7,  a  control 
experiment  in  which  urethane  was  combined  with  increased 
intracranial  pressure. 

Experiment  7.     Condensed  Protocol.     Cat.     Weight  2.425  kgm. 
9.20  a.m.     5  grams  urethane. 

10.00  a.m.  Tracheal  and  jugular  cannulae  inserted  and  jugular  blood 
obtained.  Trephined  and  inserted  pressure  bag.  "Short" 
cava  pocket  made,  renal,  coeliac  and  mesenteric  arteries 
and  abdominal  aorta  being  tied.  The  following  samples 
of  adrenal  blood  were  now  obtained,  with  no  pressure 
in  the  intracranial  bag. 
1st  sample:  0.9    gram  in   20  seconds   (2.7  grams  per 

minute). 
2nd  sample:  1.9  grams  in  1  minute,  30  seconds  (1.3 

grams  per  minute). 
Pressure  in  the  bag  was  now  got  up,  to  250  mm.  of  mer- 
cury,  and  the  following  samples  of  adrenal  blood 

collected : 
3d  sample:  2.6  grams  in  2  minutes,   10  seconds   (1.3 

grams  per  minute) . 
4th  sample:  4.3  grams  in  3  minutes,  20  seconds  (1.3 

grams  per  minute). 
5th  sample:  3.3  grams  in  3  minutes   (1.1   grams  per 

minute). 
6th  sample:  4.0    grams    in  4    minutes   (1.0  gram  per 

minute) . 
Combined  weight  of  adrenals  0.390  gram. 

The  adrenalin  assay  showed  that  the  second  adrenal  blood 
specimen  contained  approximately  1 : 2,000,000  epinephrin, 
corresponding  to  an  output  per  minute  for  the  animal  of  0.00065 
mgm.,  or  0.00025  mgm.  per  kilogram  of  body  weight  per  minute, 
an  output  within  the  range  observed  in  cats  anaesthetised  with 
urethane,  without  increased  intracranial  pressure.'  A  com- 
parison of  the  epinephrin  concentration  in  specimens  of  the 
adrenal  blood  collected  without  and  with  increased  intracranial 
pressure  revealed  no  difference  in  the  rate  of  output.     Thus, 

^  See  table  2,  Journ.  Pharm.  and  Exp.  Therap.,  1917,  x,  4. 
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the  second  specimen  caused  an  inhibition  of  the  intestine  seg- 
ment only  slightly  less  than  that  caused  by  tjie  sixth  specimen, 
corresponding  to  the  somewhat  greater  blood  flow  when  the 
second  was  being  collected. 

Since  the  tests  instituted  on  adrenal  blood  directly  collected 
from  the  cava  pocket  had  failed  to  yield  unequivocal  evidence 
of  an  increase  in  the  rate  of  hberation  of  epinephrin  associated 
with  asphyxia,  it  did  not  seem  probable  that  observations  on 
the  highly  diluted  adrenal  blood  obtained  from  the  inferior  cava 
central  to  the  orifices  of  the  adrenal  veins  (7)  would  reveal  a 
difference.  Nevertheless,  the  catheter  method  was  tried,  but 
again  with  a  negative  result.  In  one  experiment,  the  condensed 
protocol  of  which  is  pubUshed  elsewhere  (8),  a  comparison  of  cava 
blood  dra\^Ti  off  by  a  catheter  from  above  the  level  of  the  adrenals 
during  asphyxia  was  made  with  blood  similarly  obtained  during 
stimulation  of  the  sciatic  nerve,  and  with  blood  collected  through 
the  catheter  in  the  absence  both  of  asphyxia  and  sensory  stimula- 
tion. All  these  bloods  behaved  in  the  same  way  towards  rabbit 
intestine  and  uterus  segments.  There  was  also  no  distinct 
difference  between  the  action  of  any  of  them,  and  that  of 
indifferent  blood  collected  from  the  lower  part  of  the  inferior 
cava.  It  was  proved  that  the  reason  for  this  was  the  dilution 
of  the  adrenal  contribution  by  indifferent  cava  blood.  The 
degree  of  dilution  with  indifferent  blood  necessary  to  render 
undetectable  pure  adrenal  blood  collected  from  the  cava  pocket, 
and  containing  a  content  of  epinephrin  within  the  ordinary 
range  was  ascertained.  It  was  shown  to  fall  within  the  Umits 
of  the  dilution  which  the  adrenal  blood  must  normally  undergo 
in  the  cava.  We  do  not  see  how  it  is  possible  to  make  quantita- 
tive comparisons  of  the  rate  of  output  of  epinephrin  under 
different  conditions  by  the  catheter  method. 

CONCLUSION 

An  attempt  was  made  to  determine  whether  asphyxia  pro- 
duces a  detectable  increase  in  the  rate  of  hberation  of  epinephrin 
from  the  adrenals,  as  determined  by  testing  adrenal  vein  blood 
on  rabbit  intestine  and  uterus  segments.     The  result  was  negative. 
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The  fact  that  the  spontaneous  Kberation  of  epinephrin  is  depend- 
ent upon  the  integrity  of  certain  efferent  nerves  running  in  the  sym- 
pathetic system  has  led  to  attempts  to  influence  the  rate  of  Kberation 
reflexly.  We  have  previously^  pubHshed  experiments  in  which  the 
rates  of  Uberation  of  epinephrin  during  and  without  stimulation  of 
brachial  nerves  (in  the  cat)  were  compared  by  means  of  the  dener- 
vated  eye  reactions  of  Meltzer  and  by  the  rise  of  blood  pressure  pro- 
duced when  adrenal  blood  collected  for  a  known  time  in  a  cava  pocket 
is  released.     The  results  were  negative. 

We  have  since  repeated  the  experiments  on  cats  and  dogs,  drawing' 
off  blood  from  the  cava  pocket  and  testing  it  on  rabbit  intestine  and 
uterus  segments.  In  this  way  the  adrenal  blood  can,  of  course,  be 
applied  to  the  test-objects  without  dilution  if  so  desired,  whereas, 
with  the  eye  and  blood  pressure  reactions,  it  is  necessarily  much  diluted. 
On  the  other  hand,  the  use  of  the  latter  reactions  has  some  great 
advantages.  The  blood  is  not  withdrawn  from  the  vessels,  and  ac- 
cordingly there  is  no  danger  of  loss  of  a  part  of  the  epinephrin  in  the 
necessary  manipulations  before  the  blood  is  applied  to  the  segments. 
The  development  of  the  pressor  property  of  clotted  blood,  a  serious 
compHcation  for  some  of  the  methods  of  testing  extravascular  blood 
(frog  perfusion,  artery  rings) ,  is  avoided.  Possible  effects  upon  the  rate 
of  Kberation  of  the  loss  of  blood,  or  even  of  the  loss  of  the  epinephrin 
in  it  when  withdrawn  from  the  body  are  also  excluded.     Most  impor- 

^  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  J.  Pharm.  and  Exp.  Therap.,  1916.  viii, 
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tant  of  all,  the  rise  of  blood  pressure,  especially  if  interpreted  by  the 
aid  of  the  eye  reactions,  affords  a  direct  quantitative  comparison  of 
the  amount  of  epinephrin  liberated  in  successive  observations. 

Technique. — ^The  adrenal  blood  was  collected  through  a  boiled  and  oiled  can- 
nula in  the  inferior  cava.  The  cava  pocket  was  usually  much  shorter  than  that 
employed  for  the  eye  and  blood  pressure  reactions,  where  it  was  essential  to  have 
as  roomy  a  pocket  as  possible.  With  the  short  pocket  only  a  small  dead  space 
is  left  filled  with  blood  which  has  passed  through  the  adrenals  during  one  set  of 
experimental  conditions  at  the  moment  when  the  experimental  conditions  have 
been  changed.  To  reduce  still  further  any  overlapping  of  the  blood  samples  suc- 
cessively collected  with  and  without  stimulation,  excitation  of  the  sensory  nerve 
was  started  slightly  before  completion  of  the  collection  of  the  preceding  "no 
stimulation"  sample,  and  vice  versa.  Once  begun,  the  flow  of  blood  from  the  can- 
nvila  was  interrupted,  sample  after  sample  being  collected.  The  time  of  collection 
and  the  weight  or  volume  of  blood  being  accurately  measured,  the  rate  of  blood 
flow  during  the  collection  of  each  sample  is  known.  This  is  indispensable,  of 
course,  for  estimating  the  rate  of  Hberation  of  epinephrin  by  reactions  which,  like 
the  segment  tests,  give  only  the  concentration.  Since,  as  we  have  found,^  the 
concentration  in  successive  samples  tends  to  increase  as  the  blood  flow  slackens, 
we  varied  the  order  of  stimulation  and  no  stimulation  observations,  interposing 
for  example,  a  stimulation  period  between  two  no  stimulations,  and  vice  versa. 
Richards  and  Wood,^  in  their  work  on  the  influence  of  stimiflation  of  the  depressor 
upon  suprarenal  secretion,  have  recognized  the  necessity  of  measuring  the  rate  of 
flow  of  the  blood,  and  the  advisability  of  not  taking  the  samples  in  a  uniform 
order.  The  stock  adrenalin  used  for  the  epinephrin  assays  was  always  freshly 
assayed  by  the  colorimetric  method  of  Folin,  Cannon,  and  Denis.* 

In  our  previous  observations  we  stimulated  the  brachial  nerves,  as  it  was  con- 
venient in  forming  the  cava  pocket  to  clamp  the  abdominal  aorta,  and  the  sciatic 
nerve  was  therefore  not  available.  Since  the  upper  thoracic  portion  of  the  spinal 
cord  can  sustain  a  substantial  liberation  of  epinephrin  after  section  of  the  cord  in 
the  cervical  region,^  the  sciatic  might  perhaps  be  considered  more  likely  to  yield 
positive  effects  than  the  brachial.  Elliott's  conclusion^  that  after  section  of  the 
brain  stem  just  in  front  of  the  anterior  corpora  quadrigemina  exhausdon  of  the 
epinephrin  store  of  the  adrenal  by  stimulation  of  sensory  nerves  occurs,  while 
it  does  not  take  place  if  the  cord  has  been  cut  just  below  the  bulbar  vasomotor 
center,  does  not,  as  already  pointed  out,"^  necessarily  indicate  that  the  center 
concerned  in  epinephrin  liberation,  on  which  Elliott  made  no  experiments,  is  as 

^  Stewart  and  Rogoff,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17,  xiv,  77. 
'  Richards,  A.  N.,  and  Wood,  W.  G.,  Am.  J.  Physiol.,  1915-16,  xxxix,  54. 

*  Folin,  O.,  Cannon,  W.  B.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  477. 

*  Stewart  and  Rogoff,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17,  xiv,  143. 
8  EUiott,  T.  R.,  J.  Physiol.,. 1912,  xliv,  374. 
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high  as  this.  But  if  it  were,  brachial  stimulation  ought  to  hit  it,  as  well  as  sdatic 
stimulation.  To  be  sure,  however,  of  stimulating  afferent  nerves  favorably- 
situated  with  reference  to  one  or  the  other  of  the  centers  concerned,  if  there  is 
more  than  one,  we  used  both  sciatic  and  brachial  in  these  experiments. 

While  cats  proved  suitable  for  the  previous  observations  in  which  blood  was 
not  withdrawn,  it  was  judged  ad\dsable  in  the  present  series  to  use  dogs  also,  in 
order  to  make  certain  of  a  good  and  imintemipted  flow  of  blood,  which  wotdd 
completely  wash  out  the  pocket  and  cannula,  and  thus  prevent  overlapping  of 
the  successive  samples. 

Experiment  1.  Condensed  Protocol. — Dog;  weight  10  kilos.  Ether  anesthesia. 
45  cc.  of  blood  withdrawn  from  jugular  vein.  Cava  pocket  tied  off.  Intestinal 
arteries  and  abdominal  aorta  not  tied.  Right  iliac  artery  ligated  and  cannula 
inserted  into  the  right  iliac  vein.  The  left  iliac  vein  was  not  ded,  and  was 
clamped  just  before  the  collection  of  blood  was  begun,  in  order  to  spare  the  left 
sciatic  as  much  as  possible.  The  left  sciatic  and  brachial  nerves  were  prepared 
for  stimulation.  The  following  blood  specimens  were  collected  from  the  cannula 
in  the  iliac. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

13.0 

1  min.,  40  sec. 

8.0 

None. 

2 

17.3 

2     "     25    " 

7.2 

Brachial. 

3 

9.2 

1     "     40    " 

5.8 

ti 

4 

7.4 

1     "     47    " 

4.4 

None. 

5 

10.2 

3     "      10    " 

3.2 

Sciatic. 

6 

7.5 

3    "      10    " 

2.4 

« 

7 

5.0 

3    "     24    " 

1.5 

None. 

While  the  pocket  was  still  clipped  off,  53  cc.  of  arterial  blood  were  obtained  from 
the  carotid  artery.     Combined  weight  of  adrenals  1.050  gm. 

It  will  be  seen  from  Figs.  1  to  3,  that  no  difference  could  be  made 
out  between  the  inhibitory  effects  produced  on  the  rabbit  intestine 
segments  by  the  various  adrenal  blood  samples,  which  could  be  con- 
nected with  the  presence  or  absence  of  nerve  stimulation.  Thus  in 
Fig.  1,  the  second  sample  collected  during  brachial  stimulation  (Ob- 
servation 5)  caused  practically  the  same  effect  as  the  first  sample, 
collected  without  stimulation,  and  the  blood  flows  were  about  the 
same  during  collection  of  the  two  samples.  The  third  sample,  with 
nerve  stimulation,  gave  a  greater  inhibition  (Observation  7)  than  the 
first,  without  stimulation;  but  stimulation  of  the  nerves  had  nothing 
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to  do  with  this,  since  the  nerves  were  also  stimulated  during  collec- 
tion of  the  second  sample  (Observation  5).  The  explanation  of  the 
greater  inhibition  produced  by  the  third  sample -is  that  the  blood  flow 
was  slower  during  its  collection,  and  the  rate  of  liberation  of  epi- 
nephrin  per  minute  remaining  the  same,  the  concentration  was  neces- 
sarily greater.  The  adrenalin  assays  showed  that  the  concentration 
in  the  first  and  second  samples  was  somewhat  more  than  1 :  3,300,000, 
corresponding  to  an  output  of  epinephrin  per  minute  of  0.0025  mg. 
(0.00025  mg.  per  kilo  of  body  weight  per  minute),  and  that  the  third 
specimen  was  not  twice  as  strong  as  the  first  or  second.  This  is  a 
normal  output  for  a  dog  under  the  experimental  conditions,  as  esti- 
mated in  drawn  adrenal  blood  on  rabbit  intestine  segments. 

In  Fig.  2  it  is  shown  that  sciatic  stimulation  also  produced  no  dem- 
onstrable efifect,  the  slight  preponderance  of  the  filth  sample  (Obser- 
vation 15)  as  compared  with  the  fourth  (Observation  13)  being  plainly 
associated  with  the  somewhat  slower  flow  during  collection  of  the 
latter.  In  Fig.  3  the  sixth  and  seventh  adrenal  samples  were  com- 
pared with  greater  magnification;  but  the  result  was  the  same;  the 
blood  collected  during  stimulation  of  the  sciatic  caused  no  greater  effect 
than  that  collected  without  stimulation.  It  is  probable,  however, 
that  the  concentration  of  epinephrin  in  the  sixth  and  seventh  samples 
was  such  as  to  produce  the  maximum  inhibition  of  which  the  segment 
was  capable  at  the  time.  That  the  sixth  specimen  really  contained 
somewhat  less  epinephrin  than  the  seventh,  corresponding  to  the 
greater  blood  flow,  is  brought  out  by  the  uterus  tests  (Fig.  4,  Obser- 
vations 48  and  50) .  The  same  progressive  increase  in  concentration  in 
the  successive  samples  shown  by  the  intestine  tracings  is  exhibited  on 
the  uterus  tracings,  only,  as  is  commonly  the  case,  even  more  sharply. 
The  difference  between  the  fourth  and  third  specimens  (Observations 
44  and  45)  would  unquestionably  have  been  brought  out  clearly  with 
a  greater  degree  of  dilution,  as  the  increase  of  uterus  tone  in  these 
observations  was  already  approaching,  if  it  had  not  indeed  reached 
the  maximum  for  the  segment. 

Experiment  2.  Condensed  Protocol. — Cat;  weight  2.9  kilos.  Urethane  anes- 
thesia. Obtained  specimen  of  jugular  blood,  then  isolated  left  sciatic  nerve 
and  prepared  it  for  stimulation.  Cava  pocket  made,  tying  off  intestinal  and  renal 
vessels  and  right  iliac  artery.  Cannula  inserted  into  the  cava,  making  a  short 
pocket.     Adrenal  blood  was  then  collected  as  follows: 
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No.  of 
adrenal  specimen. 

Bkwd  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

gm. 

gm. 

1 

1.5 

1  min.,  25  sec. 

1.1 

None. 

2 

4.4 

4    " 

1.1 

Sciatic. 

3 

1.4 

6    " 

0.23 

None. 

4  • 

1.8 

9    "     30    " 

0.19 

« 

5 

2.3 

13    " 

0.18 

Sciatic. 

6 

1.7 

8    " 

0.21 

None. 

7 

2.2 

10    " 

0.22 

« 

During  stimulation  of  the  sdatic,  the  pupils  dilated  widely,  the  respiratory 
movements  were  increased,  and  there  were  reflex  movements  indicating  that  the 
stimulus  was  effective.  Stimiilation  was  begun  ^  to  1  minute  before  collection 
of  the  corresponding  specimen,  and  was  stopped  ^  to  1  minute  before  the  collec- 
tion of  the  specimen  ceased,  to  allow  for  washing  out  of  the  dead  space.  The 
flow  was  notably  diminished  after  the  first  period  of  strong  stimulation;  that  is, 
after  the  collection  of  the  second  specimen.  After  the  last  adrenal  sample  was 
collected  indifferent  blood  was  obtained  from  the  abdominal  aorta.  Combined 
weight  of  the  adrenals  0.347  gm. 

Specimens  of  the  tracings  with  rabbit  segments  are  given  in  Figs. 
5  to  7.  They  show  the  same  general  result  as  in  Experiment  1;  that 
is,  a  progressive  increase  in  epinephrin  concentration  in  successive 
adrenal  samples,  unmodified  within  the  limits  of  sensitiveness  of  the 
method  by  stimulation  of  the  sciatic. 

Experiment  3.  Condensed  Protocol. — Cat;  weight  2.58  kilos.  Urethane  anes- 
thesia. Cava  pocket  prepared  with  cannula  in  left  renal  vein.  Renal  and 
intestinal  arteries  tied,  but  not  the  abdominal  aorta.  Sdatic  nerve  prepared  for 
stimulation.    Adrenal  blood  samples  were  collected  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

ce. 

1 

10.0 

5  min. 

2.0 

None. 

2 

9.0 

6    "     30  sec. 

1.5-2.0* 

Sciatic. 

3 

10.3 

5    " 

2.0 

None. 

4 

10.0 

— 

-t 

During  asphyxia. 

*  Part  of  the  specimen  was  lost  by  accidentally  spilling  from  the  container. 
t  The  blood  dotted  in  the  cannula  at  the  end  of  the  collection,  and  was  grad- 
ually slowing  so  that  the  flow  per  minute  could  not  be  properly  calculated. 
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Indifferent  blood  was  obtained  from  the  abdominal  aorta.  Indifferent  blood 
from  the  carotid  of  another  cat  was  also  used  in  the  tests  after  testing  it  against 
the  blood  from  the  abdominal  aorta,  and  finding  it  to  have  the  same  tone-increas- 
ing power.     Combined  weight  of  the  adrenals  0.328  gm. 

The  same  results  were  obtained  with  the  intestine  and  uterus  seg- 
ments as  in  the  preceding  experiments;  there  was  equahty  or  a  pro- 
gressive increase  of  epinephrin  in  the  successive  adrenal  blood  samples 
according  to  whether  the  blood  flow  remained  constant  or  slackened. 
The  output  of  epinephrin  per  minute  was  not  modified,  within  the 
Hmits  of  accuracy  of  the  assays,  by  stimulation  of  the  sciatic.  The  con- 
centration of  epinephrin  in  the  second  and  third  adrenal  specimens 
was  about  the  same  (1 : 3,500,000)  corresponding  to  a  Hberation  of 
0.0006  mg.  per  minute  (more  than  0.0002  mg.  per  kilo  of  body  weight 
per  minute),  a  normal  output  as  estimated  on  drawn  adrenal  blood 
by  rabbit  segments.  The  uterus  segments  could  detect  a  concen- 
tration of  1 :  24,000,000  adrenalin  in  indifferent  blood  as  compared 
with  the  indifferent  blood  itself. 

Experiment  4.  Condensed  Protocol. — Dog;  weight  8.5  kilos.  Urethane  and 
ether  anesthesia.  Cava  pocket  prepared,  tying  off  the  renal  and  intestinal  ar- 
teries. The  abdominal  aorta  was  not  clamped  till  just  before  the  collection  of 
blood.  Cannula  in  right  iliac  vein.  Left  sciatic  prepared  for  stimulation.  About 
5  cc.  of  blood  were  first  collected  from  the  pocket  and  discarded  so  as  to  wash 
the  pocket  free  of  any  epinephrin  which  might  have  been  liberated  in  the  manip- 
ulations.   The  following  adrenal  samples  were  then  collected. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

34.0 

2  min.,  30  sec. 

13.6 

Sciatic. 

2 

24.0 

3     " 

8.0 

None. 

3 

22.0 

3     " 

7.3 

« 

4 

25.0 

4    " 

6.2 

Sciatic. 

Serum  was  obtained  from  the  bloods  by  centrifugaHzation.    The  corpuscle 
sediment  was  about  one-third  of  the  total  volume. 


In  this  experiment  senmi  was  used  for  the  segment  tests  instead 
of  blood,  so  as  to  increase  the  chance  of  detecting  any  difference  due 
to  stimulation,  since  senma  contains  a  greater  concentration  of  epi- 
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nephrin  than  the  blood  from  which  it  is  derived.'^  The  result  was 
the  same  as  in  the  other  experiments.  Thus,  the  second  adrenal  speci- 
men, collected  without  stimulation  (Observation  15,  Fig.  8)  had  a 
somewhat  greater  inhibitor^'  effect  upon  the  intestine  segments  than 
the  first  specimen  collected  during  sciatic  stimulation  (Observation 
11),  corresponding  to  the  difference  in  blood  flow.  The  effect  of  the 
third  specimen  (Observation  6,  Fig.  9)  is  greater  than  that  of  the  sec- 
ond (Observation  4),  and  less  than  that  of  the  fourth  specimen  (Ob- 
servation 9),  without  apparent  relation  to  the  presence  or  absence  of 
nerve  stimulation.  The  adrenah'n  assay  showed  that  the  second  speci- 
men contained  about  1 : 3,500,000  epinephrin,  corresponding  to 
1 :  5,000,000  for  the  blood,  an  output  per  minute  of  0.0016  mg.  (0.0002 
mg.  per  kilo  of  body  weight  per  minute) ,  a  normal  output  for  a  dog, 
as  estimated  in  this  way.  As  this  is  a  moderate  concentration,  and  the 
first  specimen  contained  still  less,  the  failure  of  nerve  stimulation  to 
increase  the  concentration  could  not  have  been  due  to  the  initial  con- 
centration being  near  the  possible  maximum.  The  serum  of  the 
third  specimen  contained  1:3,000,000  epinephrin,  corresponding  to 
1 : 4,300,000  for  the  blood.  This  gives  the  same  output  as  for  the 
second  specimen  (0.0017  mg.  per  minute),  the  concentrations  being 
inversely  proportional  to  the  blood  flows.  The  uterus  tracings,  some 
of  which  are  reproduced  in  Fig.  10,  confirm  the  contusion  that  the 
first  adrenal  specimen  (Obser\'ations  31  and  33)  contained  a  smaller 
concentration  of  epinephrin  than  the  second  (Observations  32  and  34), 
although  the  sciatic  had  been  stimulated  during  the  collection  of  the 
first.  Observation  30,  Fig.  10,  shows  a  much  smaller  effect  with 
indifferent  serum,  compared  with  any  of  the  adrenal  sera,  thus  con- 
firming the  conclusion  that  the  substance  inhibiting  the  intestine  was 
epinephrin. 

The  objection  might  be  made  that  under  the  influence  of  the  experi- 
mental conditions  (anesthesia,  trauma,  etc.),  the  rate  of  Uberation 
of  epinephrin  might  be  already  so  great  that  it  could  not  be  aug- 
mented by  stimulation  of  afferent  nerves.  This  objection  has  already 
been  partly  met  by  the  fact  that  with  moderate  concentrations  of  epi- 
nephrin, as  shown  by  adrenalin  assays,  nerve  stimulation  fails  to 

^  Stewart  and  RogoflF,  /.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  393. 
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increase  the  concentration.  There  is  no  evidence  that  anesthetics  in- 
crease the  liberation  demonstrably.  In  cats,  some  days  after  sec- 
tion of  the  spinal  cord  in  the  cervical  region,  we  have  found^  that 
blood  collected  from  the  adrenal  veins  through  a  cannula  in  the  in- 
ferior cava  contains  concentrations  of  epinephrin  within  the  ordinary 
range,  despite  the  fact  that  on  account  of  the  complete  anesthesia 
below  the  level  of  the  cord  section  it  was  not  necessary  to  give  an 
anesthetic.  Elliott's  result,  that  anesthetics  cause  diminution  of 
the  epinephrin  store  of  the  adrenals,  is  no  proof,  even  if  we  admit  that 
the  diminution  is  really  due  in  some  direct  way  to  the  anesthetic, 
that  the  output  of  epinephrin  is  increased  under  their  influence ;  since 
a  diminution  in  the  rate  of  formation  of  epinephrin  would  equally  be 
accompanied  by  a  diminution  in  the  store. 

Nevertheless,  we  made  a  number  of  experiments  in  which  the  ani- 
mal was  rendered  insensitive  by  destruction  of  the  cerebral  cortex, 
or  by  increase  of  intracranial  pressure  without  the  use  of  anesthetics, 
except  for  a  few  minutes  while  the  brain  was  being  destroyed  or  the 
skull  trephined  for  the  insertion  of  the  pressure  bag. 

Experiment  5.  Condensed  Protocol. — Dog;  weight  7.6  kilos.  Animal  rendered 
insensible  by  destruction  of  the  cerebral  cortex  with  much  of  the  imderlying 
centrum  ovale.  It  was  shown  at  autopsy  that  none  of  the  brain  tissue  behind 
the  anterior  edge  of  the  anterior  corpora  quadrigemina  had  been  destroyed. 
Ether  was  given  only  during  destruction  of  the  brain.  Indifferent  blood  was 
obtained  from  the  jugular  vein.  Cava  pocket  made.  Right  ihac  artery,  and 
intestinal  and  renal  arteries  tied  off.  Left  sciatic  nerve  prepared  for  stimulation. 
Adrenal  blood  specimens  collected  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

1 

2 
3 

gm. 
3.5 
7.0 

7.7 

1  min. 

3  " 

4  "   30  sec. 

gm. 
3.5 
2.3 

1.7 

None. 
« 

Sciatic. 

A  fourth  adrenal  specimen  was  obtained  without  stimulation,  but  clotting 
in  the  cannula  prevented  accurate  measurement  of  the  time  (3  gm.  in  4  to  5  min- 
utes). Capacity  of  the  cava  pocket,  which  was  a  long  pocket,  0.9  to  1.0  gm.  of 
blood. 
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In  this  animal  no  e\idence  was  forthcoming,  any  more  than  in  the 
others,  that  stimulation  of  the  sciatic  was  associated  with  a  detectable 
increase  in  the  rate  of  epinephrin  output.  A  few  of  the  tracings  are 
reproduced  in  Fig.  11.  The  second  adrenal  specimen,  collected  with- 
out stimulation  (Observation  23),  caused  about  the  same  amount  of 
inhibition  of  the  intestine  as  the  third  specimen,  collected  during 
sciatic  stimulation  (Observation  25).  If  anything,  the  effect  of  the 
second  was  somewhat  greater  than  that  of  the  third  sf>ecimen.  The 
flows  were  not  very  different  for  the  two  specimens.  The  fourth 
adrenal  specimen  (Observation  19),  collected  without  sciatic  stimula- 
tion, produced  a  decidedly  greater  effect  than  the  third,  corresponding 
to  the  much  slower  flow.  Here  is  an  instance  where  a  nerve  stimula- 
tion period  between  two  periods  without  stimulation  ought  to  have 
shown  some  change  of  concentration,  as  compared  either  with  the 
preceding  or  the  succeeding  period,  had  the  nerve  stimulation  been 
capable  of  evoking  such  a  change.  The  first  adrenal  specimen, 
without  nerve  stimulation  (Observation  21),  has  a  greater  inhibitory 
effect  than  either  the  second  or  third.  But  this  is  doubtless  due  to 
epinephrin  liberated  during  manipulations  while  the  pocket  was  be- 
ing tied  off.  Although  "It  is  often  possible  to  complete  the  operation 
without  any  evidence  of  manipulative  discharge,  yet,  in  order  to  be 
sure  of  avoiding  errors  due  to  this  cause,  the  first  specimen  was  al- 
ways considered  suspect,  if  it  gave  a  higher  concentration  than  the 
second,  and  in  that  case  rejected.  It  was,  in  fact,  collected  separately 
for  the  purpose  of  insuring  that  the  succeeding  specimens  should  not 
contain  any  epinephrin  liberated  by  massage,  etc.,  during  the  forma- 
tion of  the  pocket. 

Uterus  tracings  confirmed  the  conclusion  that  the  second  and  third 
adrenal  specimens  (Experiment  5)  had  about  the  same  concentration 
of  epinephrin,  and  that  the  fourth  had  a  greater  concentration  than 
either  the  second  or  third.  Adrenalin  assays  showed  that  the  concen- 
tration in  the  third  specimen  was  about  1:  3,000,000,  corresponding 
to  an  output  of  0.0006  mg.  of  epinephrin  per  minute  (about  0.0001 
mg.  per  kilo  of  body  weight  per  minute).  This  is  rather  below  than 
above  the  average  output  in  anesthetized  dogs,  as  estimated  by  rab- 
bit segments. 


646 


RATE    OF    LIBERATION   OF  EPINEPHRIN 


Elliott  has  stated  that  brain  injuries  such  as  destruction  of  the 
cerebral  hemispheres  cause  discharge  of  the  epinephrin  store  of  the 
adrenals.  Although  for  the  reason  already  mentioned,  this  would 
not  of  itself  be  sufi&cient  proof  that  the  rate  of  liberation  of  epinephrin 
is  sensibly  increased  by  the  brain  irritation,  an  experiment  was  made 
in  which  the  animal  was  rendered  insensitive  by  increasing  the  intra- 
cranial pressure,  without  any  brain  mutilation,  by  a  thin  rubber  bag 
introduced  through  a  trephine  hole. 

Experiment  6.  Condensed  Protocol. — Dog;  weight  9.4  kilos.  Under  ether 
anesthesia  the  skull  was  trephined,  and  a  rubber  bag  inserted.  The  bag  was 
connected  with  a  mercury  manometer.  The  pressure  in  it  was  increased  to  250 
mm.  of  mercury,  and  the  ether  discontinued.  Artificial  respiration  was  started, 
although  the  dog  was  still  breathing  well  spontaneously.  A  short  cava  pocket 
was  made.  The  abdominal  aorta  was  tied  oflF  below  the  renals,  and  the  renal 
vessels  were  tied.  Brachial  nerves  on  one  side  prepared  for  stimulation.  As  the 
blood  pressure  fell  the  intracranial  pressure  was  diminished.  Adrenal  blood  was 
collected  as  follows:  The  first  specimen  (5  to  6  gm.)  was  rejected  to  avoid  any 
epinephrin  liberated  during  manipulation. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

gm. 

gm. 

2 

7.2 

45  sec. 

9.0 

None. 

3 

12.0 

1  min.,  35   " 

8.0 

Brachial. 

4 

12.5 

2     "     20   " 

5.4 

None. 

5 

9.2 

2     "     30   " 

3.7 

Brachial. 

Combined  weight  of  adrenals  1.20  gm. 

In  Fig.  12  are  reproduced  a  few  of  the  intestine  segment  tracings 
from  Experiment  6.  They  show  that  the  third  adrenal  specimen, 
collected  during  brachial  stimulation  (Observation  31),  while  causing 
a  somewhat  greater  inhibition  than  the  second  specimen,  collected 
without  stimulation  (Observation  29),  does  not  produce  as  great  an 
inhibitory  efifect  as  the  fourth  specimen,  collected  without  stimula- 
tion. The  fifth  adrenal  specimen,  collected  during  brachial  stimula- 
tion (Observation  35),  causes  an  inhibition  not  conspicuously  different 
from  that  caused  by  the  fourth  specimen.  As  before,  the  progressive 
increase  in  epinephrin  concentration  associated  with  the  gradual  de- 


G.   N.   STEWAET  AND  J.   M.   ROGOFF  647 

cline  in  the  rate  of  blood  flow  has  not  been  sensibly  altered  by  the 
nerv^e  stimulation.  This  result  was  confirmed  by  the  uterus  tracings, 
some  of  which  are  reproduced  in  Fig.  13.  If  the  third  adrenal  speci- 
men (Observation  52)  were  compared  merely  with  the  second  (Ob- 
servation 51),  it  might  be  thought  that  the  greater  effect  on  the  uterus 
produced  by  the  third  specimen  indicated  an  increased  output  of 
epinephrin  due  to  stimulation  of  the  nerve.  This  conclusion  is  at 
once  seen  to  be  erroneous  when  we  compare  the  effect  of  the  fourth 
specimen  (Observation  54)  with  that  of  the  third,  for  the  fourth  is  as 
much  stronger  than  the  third  as  the  third  is  stronger -than  the  second, 
and  the  nerves  were  not  being  stimulated  during  collection  of  the 
fourth  specimen.  To  show  the  uniformity  of  the  tracings.  Observa- 
tion 52  on  the  third  specimen  was  interposed  between  two  observa- 
tions (51  and  53)  on  the  second.  In  Observations  56  to  59,  the  second 
to  fifth  specimens  were  compared  in  a  greater  dilution,  and  just  as  in 
the  case  of  the  intestine  tracings  no  such  preponderance  of  effect  was 
revealed  in  the  third  and  fifth  specimens  as  would  be  expected  if  the 
nerve  stimulation  during  their  collection  had  sensibly  increased  the 
output  of  epinephrin. 

Adrenalin  assays  were  made  on  the  intestine,  and  in  this  case  also 
on  the  uterus  segments.  The  intestine  segments  are  more  generally 
useful  than  the  uterus  for  assaying  the  concentration  of  epinephrin, 
although  for  bringing  out  qualitative  differences  the  uterus  is  frequently 
much  more  sensitive  than  the  intestine.  But  with  favorable  uterus 
segments  good  quantitative  results  are  also  obtained.  The  uterus 
from  adult  or  nearly  adult  \argin  rabbits  is  the  best  in  our  experience 
for  all  such  work.  The  assays  indicated  that  the  second  adrenal 
specimen  contained  about  1 : 9,000,000  epinephrin  (Fig.  13,  Observa- 
tions 61,  64,  65,  and  66) ;  and  the  third  specimen  more  than  1 : 9,000,000 
but  much  less  than  1:  6,000,000  (Fig.  13,  Observation  68),  probably 
not  far  from  1 :  8,000,000.  The  fourth  specimen  had  a  greater  concen- 
tration than  1 :  8,000,000,  though  distinctly  less  than  1 :  5,000,000,  and 
somewhat  less  than  1 :  6,000,000,  probably  about  1 :  6,500,000.  If  the 
blood  flows  in  the  protocol  are  compared  with  these  concentrations,  it 
will  be  seen  that  the  concentrations  are  approximately  in  the  inverse 
ratio  of  the  flows.  In  other  words,  during  the  collection  of  these  adre- 
nal samples,  the  output  of  epinephrin  per  minute  (0.001  mg.  or  more 
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than  0.0001  mg.  per  kilo  of  body  weight  per  minute)  remained  approxi- 
mately constant,  and  was  not  sensibly  modified  by  stimulation  of 
the  brachial  nerve. 

It  did  not  seem  probable  that  if  negative  results  were  yielded  by 
immixed  adrenal  vein  blood,  positive  results  would  be  obtainable 
with  cava  blood  collected  by  a  catheter  anterior  to  the  adrenal  veins.* 
However,  as  the  necessary  operation  for  the  catheter  method  is  less 
severe  than  for  the  cava  pocket  method,  the  possibility  could  not 
be  overlooked  that  the  output  of  epinephrin  in  the  periods  without 
nerve  stimulation  might  be  less  when  extensive  trauma  was  avoided. 
If  this  were  so,  an  increase  in  the  liberation  produced  by  the  stimula- 
tion of  nerves  might  more  readily  make  itself  felt.  Of  course,  it  is 
impossible  by  this  method  to  take  account  of  any  changes  in  the  rate 
of  blood  flow  through  the  adrenals;  and  comparisons  of  the  concentra- 
tion of  epinephrin  in  the  blood  are  only  valid  for  the  estimation  of 
changes  in  the  rate  of  liberation  if  alterations  in  the  rate  of  blood  flow 
are  known,  unless  the  assumption  can  be  made  that  the  blood  flow 
remains  constant  during  the  whole  experimental  period.  Neverthe- 
less, the  conditions  which  in  the  abdominal  operation  lead  to  notable 
alterations  in  the  rate  of  blood  flow  were  not  so  likely  to  be  present 
with  the  catheter  method,  except  in  so  far  as  the  catheter  itself 
might  interfere  with  the  flow  of  blood  in  the  cava,  and  therefore  we 
made  a  number  of  experiments  in  this  way.  Experiment  7  is  an 
example. 

Experiment  7 .     Condensed  Protocol. — Cat;  weight  2.875  kilos. 

10.00  a.m.     5  gm.  urethane  by  stomach  tube. 

11.00  a.m.  Exposed  left  femoral  vein  and  prepared  it  for  catheter;  prepared 
right  sciatic  nerve  for  stimulation. 

11.20  a.m.  Blood  I  obtained  through  catheter  inserted  to  a  level  just  anterior 
to  adrenal  veins.  At  autopsy,  the  eye  of  the  catheter  was  found  to  be  about  5 
to  6  mm.  anterior  to  the  orifice  of  the  right  adrenal  vein  when  inserted  to  the  dis- 
tance used  in  the  experiment. 

11.32  a.m.     Started  stimulation  of  sciatic. 

11.37  a.m'.  Blood  II  collected  through  catheter  at  the  same  level,  sciatic 
stimvilation  being  continued  throughout  the  collection. 

11.40  a.m.  Blood  III  obtained  from  lower  cava  through  catheter,  which  was 
withdrawn  9  cm. 

»  Cannon,  W.  B.,  and  Hoskins,  R.  G.,  Arri.  J.  Physiol,  1911-12,  xxix,  274. 
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12.00  m.    Blood  IV  obtained  from  catheter  in  the  same  manner  as  Blood  I. 
12.05  p.m.    Blood  V  obtained  from  catheter  anterior  to  the  adrenal  veins, 

collected  during  asphyxia. 

12.09  p.m.  Blood  VL  obtained  from  catheter  lower  down  in  cava,  as  for 
blood  m. 

After  obtaining  each  of  the  bloods  I,  III,  and  IV,  the  catheter  was  withdrawn, 
cleaned,  and  oiled  again.  The  bloods  were  •withdrawn  as  imiformly  as  p>ossible 
by  the  aid  of  an  aspirator. 

The  result  was  negative.  No  difference  was  found  by  rabbit  intes- 
tine and  uterus  segment  tests  between  blood  \\Tithdrawn  without 
stimulation  of  the  sciatic,  and  blood  withdrawal  during  stimulation. 
None  of  the  samples  caused  any  inhibition  of  the  intestine  segments. 
We  do  not  doubt  that  under  favorable  conditions  (esi)ecially  sensitive 
segments,  slow  blood  flow  in  the  inferior  cava,  and  possibly  a  fortu- 
nate location  of  the  eye  of  the  catheter  with  reference  to  the  adrenal 
vein  orifices)  samples  of  blood  may  sometimes  be  drawn  from  the  in- 
ferior cava  containing  a  sufficient  concentration  of  epinephrin  to  yield 
distinct  reactions.  We  failed  to  obtain  such  reactions  because  the 
epinephrin  given  off  by  the  adrenals  in  the  usual  amount  was  too  highly 
diluted  by  the  cava  blood.  To  illustrate  the  effect  of  this  dilution 
we  made  some  experiments,  in  which  pure  adrenal  blood  from  the  cava 
pocket  and  catheter  blood  from  above  the  level  of  the  adrenals,  ob- 
tained from  the  same  animal,  were  compared.  In  some  observations 
catheter  blood  from  the  level  of  the  adrenals  collected  while  the  adrenal 
veins  were  clipped  was  compared  with  blood  from  the  same  level 
collected  through  the  catheter  with  the  adrenal  veins  open,  also  with 
a  negative  result.     Experiment  8  is  an  example  of  these  experiments. 

Experiment  8.  Condensed  Protocol. — Cat;  weight  2.68  kilos.  Urethane  3 
gm.  by  stomach  tube,  and  later  on,  2  gm.  more.  Both  adrenal  veins  isolated  and 
prepared  for  cUppLng.  Femoral  vein  prepared  for  catheter  insertion.  Blood  I, 
drawn  through  catheter  from  level  just  anterior  to  adrenal  veins;  blood  II,  from 
catheter  at  the  same  level,  but  vdxh.  adrenal  veins  clipped;  blood  III,  obtained  in 
same  manner  as  blood  I;  blood  IV  (10  cc.  in  11  minutes)  obtained  from  cava 
pocket  through  cannula  in  right  renal  vein.  After  releasing  the  pocket  by  re- 
moving the  clamps,  blood  V  was  obtained  through  the  catheter  in  the  same  ■ 
way  as  blood  I.  Indifferent  (arterial)  blood  was  obtained  from  the  abdominal 
aorta.  The  catheter  was  withdrawn,  cleaned,  and  oiled  after  each  specimen  was 
collected. 
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In  Fig.  14  it  is  seen  that  catheter  blood  from  the  level  of  the  adrenals 
displacing  arterial  blood  (Observation  10)  produced  no  inhibition  of 
the  intestine  segment,  although  pure  adrenal  vein  blood  (Observation 
8)  caused  good  inhibition.  AdrenaHn  assays  showed  that  the  concen- 
tration of  epinephrin  in  the  adrenal  blood  was  not  far  from  1:  3,000,- 
000.  It  was  confirmed  on  uterus  segments  (Fig.  15,  Observations  33,35, 
and  45)  that  the  catheter  blood  caused  no  greater  effect  than  indiffer- 
ent blood,  and  much  less  than  adrenal  blood  (Observations  34  and  36). 
The  uterus  segment,  as  it  happened,  gave  practically  no  increase  of 
tone  with  indifferent  blood,  which  rendered  the  demonstration  of  the 
absence  of  detectable  epinephrin  in  the  catheter  blood  aU  the  more 
convincing.  Catheter  blood  collected  with  clipped  adrenal  veins 
(Observation  37)  behaved  in  no  respect  differently  from  blood  simi- 
larly collected,  but  with  the  adrenal  veins  open  (Observation  39). 
The  segment  could  easily  detect  epinephrin  in  the  concentration  of 
1 :  65,000,000  (Observation  46).  From  the  relatively  considerable  in- 
crease of  tone  given  by  blood  with  this  concentration  of  adrenahn,  there 
is  no  doubt  that  a  much  smaller  concentration  could  have  been  de- 
tected. Accordingly,  the  adrenal  vein  blood  must  have  been  diluted 
in  the  inferior  cava  much  more  than  twenty  times. 

In  Fig.  16  (Observation  20)  catheter  blood  from  the  level  of  the 
adrenals,  collected  with  the  adrenal  veins  cHpped,  was  displaced  by 
catheter  blood  collected  with  the  veins  open.  No  change  in  the  in- 
testine segment  curve  was  produced;  that  is,  the  adrenal  blood  was  so 
much  diluted  in  the  cava  that  a  sample  of  cava  blood  containing  the 
adrenal  contribution  could  not  be  discriminated  by  this  intestinal  seg- 
ment from  a  sample  of  cava  blood  which  could  not  have  been  mixed 
with  any  adrenal  blood.  Nor  could  it  be  discriminated  from  the  in- 
different (arterial)  blood,  since  its  replacement  by  this  (Observation 
21)  left  the  curve  imaffected.  A  prompt  and  marked  inhibition  was 
produced,  however,  when  the  arterial  blood  was  in  its  turn  displaced 
by  the  pure  adrenal  blood  (Observation  22). 

In  the  last  experiment  to  be  quoted  (Experiment  9) ,  blood  was  col- 
lected by  a  catheter  at  the  level  of  the  adrenals  during  stimulation  of 
the  sciatic  and  without  sciatic  stimulation.  Pure  adrenal  blood  was 
also  collected  from  the  same  dog,  during  and  without  stimulation  of 
the  sciatic. 
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Experiment  9.  Condensed  Protocol. — Dog;  weight  14.9  kilos.  Ether  anesthesia. 
A  specimen  of  indifferent  blood  was  collected  from  the  jugular  vein.  Then  the 
left  femoral  vein  was  prepared  for  insertion  of  the  catheter,  and  the  right  sciatic 
nerve  prepared  for  stimulation.  The  catheter  was  now  inserted  to  a  level  just 
anterior  to  the  adrenal  veins.  At  autopsy  it  was  verified,  as  in  all  the  other  ex- 
periments of  this  type,  that  the  eye  of  the  catheter  was  anterior  to  the  orifices  of 
the  adrenal  veins.  Three  samples  of  blood  were  now  collected  through  the  cathe- 
ter, the  first  without  sciatic  stimulation  (13.0  cc.  in  1  minute  and  30  seconds), 
the  second  during  sciatic  stimulation  (13.8  cc.  in  1  minute  and  56  seconds),  and 
the  third  during  sciatic  stimulation  (12.6  cc.  in  1  minute  and  18  seconds).  The 
catheter  was  now  removed,  washed,  oiled  again,  and  reinserted  to  the  same  level 
after  an  interval  of  6  minutes;  and  a  fourth  specimen  collected  through  the  cathe- 
ter without  sciatic  stimulation  (23.5  cc.  in  3  minutes  and  12  seconds).  A  cava 
pocket  was  now  made,  the  renal  and  left  iliac  vessels  being  tied,  and  a  cannula 
inserted  in  the  left  iliac  vein.  The  abdominal  aorta  was  damped  at  the  bifurca- 
tion just  before  beginning  the  collection  of  blood  from  the  p)ocket.  Adrenal  blood 
samples  were  obtained  from  the  pocket  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

u. 

1 

15.2 

1  min.,  50  sec. 

8.4 

None. 

2 

16.1 

2    "       5     " 

8.0 

Sdatic. 

3 

18.3 

2     "     32     " 

7.0 

(( 

4 

20.0 

2     "     30     " 

8.0 

None. 

5 

22.9 

3    "     55     " 

5.7 

« 

6 

11.4 

3    "     45     " 

3.0 

Sciatic. 

7 

13.1 

4    "       5     " 

3.2 

« 

8 

7.1 

4    " 

1.8 

None. 

Combined  weight  of  adrenals,  1.15  gm. 

The  bloods  were  carefully  compared  on  intestine  and  uterus  seg- 
ments and  the  degree  of  dilution  of  the  adrenal  blood  with  indifferent 
blood,  which  just  caused  the  inhibitory  effect  on  the  intestine  seg- 
ments to  become  too  slight  to  be  detected  with  certainty,  was  deter- 
mined. In  Fig.  17  some  of  the  tracings  are  given.  At  8  the  fifth 
adrenal  blood  replaced  indifferent  blood,  causing  a  marked  inhibi- 
tion of  the  intestine  segment.  The  concentration  of  epinephrin  in 
this  adrenal  sample  was  assayed  at  about  1 :  3,000,000,  corresponding 
to  an  output  of  0.002  mg.  of  epinephrin  per  minute  (0.00013  mg.  per 
kilo  of  body  weight  per  minute).     In  the  eighth  specimen  the  concen- 
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tration  was  assayed  at  1: 1,100,000,  about  three  times  as  great  as  in 
the  fifth  sample.  This  is  approximately  the  inverse  ratio  of  the  blood 
flows,  the  rate  of  output  of  epinephrin  being  practically  unchanged. 
At  24  blood  collected  with  a  catheter  at  the  level  of  the  adrenals 
during  sciatic  stimulation  replaced  indifferent  blood.  It  produced 
no  inhibition,  but  instead  a  further  increase  of  tone.  Observations 
26  and  28  represent  the  effect  of  the  fifth  adrenal  blood  specimen 
diluted  respectively  with  ten  and  with  twenty  volumes  of  indifferent 
blood.  Inhibition  of  the  segment  can  still  be  detected  in  each 
case.  Diluted  with  forty  volumes  of  indifferent  blood  (Observa- 
tion 30)  the  fifth  adrenal  specimen  produced  an  inhibition  so 
sUght,  if  any,  that  it  could  not  have  been  detected  unless  perhaps  by 
comparison  with  the  preceding  and  succeeding  observations.  With 
this  dilution  the  concentration  of  epinephrin  in  the  blood  was  already 
only  1:  120,000,000,  and  this  blood  was  again  diluted  with  four  vol- 
umes of  Ringer's  solution  before  being  apphed  to  the  segment.  At 
32,  the  adrenal  blood,  diluted  with  eighty  volumes  of  indifferent 
blood,  replaced  the  indifferent  blood.  No  inhibition  could  be  clearly 
detected  any  more  than  with  the  catheter  blood  (Observation  24) . 

We  fail  to  see  how  it  is  possible  to  make  exact  experiments  on  the 
rate  of  liberation  of  epinephrin  by  the  catheter  method. 

SUMMARY. 

.  An  attempt  was  made  to  determine  whether  stimulation  of  afferent 
nerves  (sciatic  and  brachial)  produced  a  detectable  increase  in  the 
rate  of  liberation  of  epinephrin  from  the  adrenals,  as  determined  by 
testing  adrenal  vein  blood  on  rabbit  intestine  and  uterus  segments. 
The  result  was  negative. 

EXPLANATION  OF  PLATES. 

In  all  the  tracings  time  is  marked  in  half  minutes. 

Plate  48. 

Fig.  1.  Intestine  tracings.  Blood  of  a  dog  anesthetized  with  ether.  At  2 
Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  3  by  the  first  adrenal 
blood  specimen,  collected  without  stimulation  of  nerves.  At  4  Ringer's  solution 
was  replaced  by  jugular  blood,  and  this  at  5  by  the  second  adrenal  blood  specimen, 
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collected  during  stimulation  of  the  brachial.  At  6  Ringer's  solution  was  replaced 
by  jugular  blood,  and  this  at  7  by  the  third  adrenal  blood  specimen,  collected  dur- 
ing brachial  stimulation.     Reduced  one-third. 

Fig.  2.  Intestine  tracings.  Blood  of  the  same  dog  as  in  Fig.  1.  At  12  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  13  ,by  the  fourth  adrenal 
specimen,  collected  without  stimulation  of  nerves.  At  14  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  15  by  the  fifth  adrenal  blood  specimen, 
collected  during  sciatic  stimulation.  At  19  Ringer's  solution  was  replaced  by 
jugular  blood,  and  this  at  20  by  the  second  adrenal  specimen,  collected  during 
brachial  stimulation.  At  21  Ringer's  solution  was  replaced  by  jugular  blood, 
and  this  at  22  by  the  first  adrenal  spedmen,  collected  without  stimulation  of 
nerves.    Reduced  one- third. 

Fig.  3.  Intestine  tracings.  Blood  of  the  same  dog  as  in  Figs.  1  and  2. 
Greater  magnification.  At  24  Ringer's  solution  was  replaced  by  jugular  blood 
and  this  at  25  by  the  sixth  adrenal  specimen,  collected  during  sciatic  stimulation. 
At  27  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  28  by  the  sev- 
enth adrenal  specimen,  collected  without  stimulation  of  nerves.  Reduced 
one-third. 

^  Plate  49. 

Fig.  4.  Uterus  tracings.  Blood  of  the  same  dog  as  in  Figs.  1  to  3.  At  41 
Ringer's  solution  was  replaced  by  arterial  blood;  at  42,  by  the  first  adrenal  spec- 
imen, collected  without  nerve  stimulation;  at  43,  by  the  second  adrenal  specimen, 
collected  during  brachial  stimulation;  at 44,  by  the  third  adrenal  specimen,  collected 
during  brachial  stimulation;  at  45,  by  the  fourth  adrenal  specimen,  collected  with- 
out nerve  stimulation.  In  Observations  41  to  45  the  bloods  were  diluted  with  four 
volumes  of  Ringer's  solution.  At  47  Ringer's  solution  was  replaced  by  the  fifth 
adrenal  specimen,  collected  during  sciatic  stimulation;  at  48,  by  the  sixth  adrenal 
specimen,  collected  during  sciatic  stimulation;  at  50,  by  the  seventh  adrenal 
specimen,  collected  without  nerve  stimulation.  In  Observadons  47  to  50  the 
bloods  were  diluted  with  nine  volumes  of  Ringer's  solution.    Reduced  one-half. 

Fig.  5.  Intestine  tracings.  Blood  from  a  cat  anesthetized  with  urethane.  At 
4  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  5  by  the  second 
adrenal  blood  specimen,  collected  during  sciatic  stimulation.  At  6  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  7  by  the  fourth  adrenal  speci- 
men, collected  without  sciatic  stimulation.  The  bloods  were  diluted  with  four 
volumes  of  Ringer's  solution.     Reduced  one-third. 

Fig.  6.  Intestine  tracings.  Blood  from  the  same  cat  used  for  Fig.  5.  At  12 
Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  13  by  the  seventh 
adrenal  specimen,  collected  \s-ithout  stimulation  of  the  sciatic.  At  14  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  15  by  the  fifth  adrenal  sped- 
men, collected  during  sciatic  stimulation.  The  bloods  were  diluted  with  two 
volvunes  of  Ringer's  solution.     Reduced  one-third. 
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Fig.  7.  Uterus  tracings.  Blood  of  the  same  cat  used  for  Figs.  5  and  6.  At 
28  Ringer's  solution  was  replaced  by  jugular  blood;  at  29,  by  tljie  second  adrenal 
blood  specimen,  collected  during  sciatic  stimulation;  at  30,  by  the  fotu-th  adrenal 
specimen,  collected  without  stimulation;  at  31,  by  the  fifth  adrenal  specimen, 
collected  during  sciatic  stimulation ;  at  32,  by  the  seventh  adrenal  specimen,  col- 
lected without  stimulation.  All  the  bloods  were  diluted  with  four  volumes  of 
Ringer's  solution.     Reduced  one-half. 

Pl-^te  50. 

Fig.  8.  Intestine  tracings.  Sera  of  a  dog  anesthetized  with  urethane  and 
ether.  At  10  Ringer's  solution  was  replaced  by  serum  of  arterial  blood,  and  this 
at  11  by  serum  of  the  first  adrenal  specimen,  collected  during  sciatic  stimulation. 
At  14  Ringer's  solution  was  replaced  by  servmi  of  arterial  blood,  and  this  at  15 
by  serum  of  the  second  adrenal  specimen,  collected  without  sciatic  stimulation. 
Reduced  one-third. 

Fig.  9.  Intestine  tracings.  Sera  of  the  same  dog  as  in  Fig.  8.  At  3  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  4  by  serum  of  the 
second  adrenal  specimen,  collected  without  nerve  stimulation.  At  5  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  6  by  serum  of  the 
third  adrenal  specimen,  collected  without  nerve  stimulation.  At  8  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  9  by  serum  of 
the  fourth  adrenal  specimen,  collected  during  sciatic  stimulation.  Reduced 
one-third. 

Fig.  10.  Uterus  tracing.  Sera  of  the  same  dog  used  for  Figs.  8  and  9.  At 
30  Ringer's  solution  was  replaced  by  serum  of  arterial  blood;  at  31,  by  serum 
of  the  first  adrenal  specimen,  collected  during  sciatic  stimulation;  at  32,  by  serum 
of  the  second  adrenal  specimen,  collected  without  sciatic  stimulation.  The  serum 
in  Observation  30  was  undiluted,  in  Observations  31  and  32  it  was  diluted  with 
an  equal  volume  of  Ringer's  solution.  At  33  Ringer's  solution  was  replaced 
by  serum  of  the  first  adrenal  specimen  diluted  with  three  volumes  of  Ringer's 
solution,  and  at  34  by  serum  6i  the  second  adrenal  specimen  similarly  diluted. 
Reduced  one-half.    ' 

Plate  51. 

Fig.  U.  Intestine  tracings.  Blood  of  a  dog  rendered  insensitive  by  destruc- 
tion of  the  cerebral  cortex.  At  18  Ringer's  solution  was  replaced  by  jugular  blood, 
and  this  at  19  by  the  fourth  adrenal  specimen,  collected  without  nerve  stimula- 
tion. At  20  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  21  by 
the  first  adrenal  specimen,  collected  without  nerve  stimulation.  At  22  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  23  by  the  second  adrenal 
specimen,  collected  without  nerve  stimulation.  At  24  Ringer's  solution  was  re- 
placed by  jugular  blood,  and  this  at  25  by  the  third  adrenal  specimen,  collected 
during  sciatic  stimulation.  All  the  bloods  were  diluted  with  four  volumes  of 
Ringer's  solution.    Reduced  one-half. 
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Fig.  12.  Intestine  tracings.  Bloods  from  a  dog  rendered  insensitive  by  in- 
creased intracranial  pressure.  At  28  Ringer's  solution  was  replaced  by  indiffer- 
ent (arterial)  blood,  and  this  at  29  by  the  second  adrenal  specimen,  collected  with- 
out brachial  stimiJation.  At  30  Ringer's  solution  was  replaced  by  arterial  blood, 
and  this  at  31  by  the  third  adrenal  specimen,  collected  with  brachial  stimulation. 
At  32  Ringer's  solution  was  replaced  by  indifferent  blood,  and  this  at  33  by  the 
fourth  adrenal  specimen,  without  brachial  stimulation.  At  34  Ringer's  solution 
was  replaced  by  arterial  blood,  and  this  at  35  by  the  fifth  adrenal  specimen, 
collected  with  brachial  stimulation.  AU  the  bloods  were  diluted  with  two  volimies 
of  Ringer's  solution.    Reduced  one-third. 

Plate  52. 

Fig.  13.  Uterus  tracings.  Bloods  from  the  same  dog  used  in  Fig.  12.  At 
50  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood;  at  51,  by  the 
second  adrenal  specimen,  collected  without  brachial  stimiilation;  at  52,  by  the 
third  adrenal  specimen,  collected  with  brachial  stimulation;  at  53,  by  the  second 
adrenal  specimen;  at  54,  by  the  fourth  adrenal  specimen,  collected  without 
brachial  stimulation.  All  these  bloods  were  diluted  with  two  volumes  of  Ringer's 
solution.  At  56  Ringer's  solution  was  replaced  by  the  fourth  adrenal  specimen; 
at  57,  by  the  third  adrenal  specimen;  at  58,  by  the  second  adrenal  specimen;  at 
59,  by  the  fifth  adrenal  specimen,  collected  with  brachial  stimulation.  These 
bloods  were  diluted  with  four  volumes  of  Ringer's  solution.  At  61  Ringer's  solu- 
tion was  replaced  by  indifferent  (arterial)  blood  made  up  with  adrenalin  to  a 
concentration  of  1:  8,000,000;  at  66,  by  indifferent  blood  made  up  with  adrenalin 
to  a  concentration  of  1:  9,000,000;  at  68,  by  the  indifferent  blood  with  adrenalin 
to  a  concentration  of  1 : 6,000,000.  AU  the  adrenalin  bloods  were  diluted  with 
four  volumes  of  Ringer's  solution  before  application  to  the  segment.  At  64 
Ringer's  solution  was  replaced  by  the  second  adrenal  specimen,  at  65  by  the  third 
adrenal  specimen,  each  diluted  with  four  volumes  of  Ringer's  solution.  Reduced 
one-haK. 

Fig.  14.  Intestine  tracings.  Blood  from  a  cat  anesthetized  with  urethane. 
At  7  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  8 
by  adrenal  blood.  At  9  Ringer's  solution  was  replaced  by  arterial  blood,  and  this 
at  10  by  catheter  blood  collected  at  the  level  of  the  adrenals.    Reduced  one-half. 

Fig.  15.  Uterus  tracings.  Blood  from  the  same  cat  used  for  Fig  14.  At 
33  Ringer's  solution  was  replaced  by  catheter  blood  from  the  adrenal  level,  and 
this  at  34  by  adrenal  blood;  at  35  Ringer's  solution  was  replaced  by  catheter 
blood,  and  this  at  36  by  adrenal  blood.  At  37  Ringer's  solution  was  replaced 
by  catheter  blood  collected  during  the  clipping  of  both  adrenals,  and  this  at  38 
by  adrenalin  (1: 1,000,000)  in  the  same  blood.  At  39  Ringer's  solution  was  re- 
placed by  catheter  blood  from  the  level  of  the  adrenals,  and  this  at  40  by  adrenalin 
(1:3,300,000)   in   the  same  blood.    At  42  Ringer's  solution  was  replaced  by 
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adrenalin  (1: 16,500,000)  in  catheter  blood;  at  43,  by  the  same  catheter  blood 
without  the  addition  of  adrenalin;  at  45,  by  another  catheter  specimen  collected 
at  the  adrenal  level;  at  46,  by  adrenalin  (1 :  65,000,000)  in  the  catheter  blood  used 
for  Observation  45. 

Plate  53. 

Fig.  16.  Intestine  tracings.  Blood  from  the  same  cat  used  for  Figs.  14  and 
15.  At  19  Ringer's  solution  was  replaced  by  catheter  blood  collected  with  the 
adrenal  veins  clipped,  and  this  at  20  by  catheter  blood  collected  at  the  adrenal 
level  with  the  adrenal  veins  open.  At  21  this  catheter  blood  was  replaced  by 
arterial  blood,  and  this  at  22  by  adrenal  blood.    Reduced  one-third. 

Fig.  17.  Intestine  tracings.  Bloods  from  a  dog  anesthetized  with  ether. 
At  7  Ringer's  solution  was  replaced  by  indifferent  blood,  and  this  at  8  by  the 
fifth  adrenal  specimen.  At  23  Ringer's  solution  was  replaced  by  indifferent 
blood,  and  this  at  24  by  catheter  blood,  collected  at  the  level  of  the  adrenals  dur- 
ing sciatic  stimulation.  At  25  Ringer's  solution  was  replaced  by  indifferent  blood, 
and  this  at  26  by  the  fifth  adrenal  specimen,  diluted  with  ten  volimaes  of  indif- 
ferent blood.  At  27,  29,  and  31  Ringer's  solution  was  replaced  by  indifferent 
blood,  and  this  at  28,  30,  and  32  by  the  fifth  adrenal  specimen,  diluted  respec- 
tively with  twenty,  forty,' and  eighty  volumes  of  indifferent  blood.  All  the  bloods 
were  diluted  with  four  volumes  of  Ringer's  solution  before  apphcation  to  the 
segment.     Reduced  one-third. 
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Fig.  1. 
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(Stewait  and  KogoS:  Rate  of  Ubention  of  epinephrin.) 
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PLATE  50. 


Fig.  8. 


Fig.  9. 


Fig.  10. 

(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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Fig.  11. 


Fig.  12. 


(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrio.) 
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In  several  of  our  papers  we  have  given  illustrations  of  the  fact  that 
the  rate  of  liberation  of  epinephrin  (in  the  cat)  may  remain  approxi- 
mately constant  for  a  wide  range  in  the  rate  of  blood  flow  through  the 
adrenals,  the  concentration  in  the  adrenal  vein  blood  varj'ing  inversely 
as  the  flow  (1).  Numerous  assays,  incidentally  accumulated,  have 
indicated  not  only  that  this  is  true  in  one  and  the  same  animal  under 
experimental  conditions,  but  also  that  the  output  in  different  cats 
varies  less  than  might  have  been  expected  (2).  It  has  seemed  worth 
while,  however,  to  supplement  these  observations  by  some  experi- 
ments specially  directed  to  the  question  whether  with  such  quantita- 
tive methods  as  have  been  employed  an  exact  inverse  ratio  between 
epinephrin  concentration  and  adrenal  blood  flow  can  be  made  out.  It 
will  be  more  instructive  to  reproduce  a  sufficient  number  of  the  trac- 
ings from  a  typical  assay  to  illustrate  fully  the  degree  of  sharpness 
which  can  be  obtained  in  such  observations  rather  than  to  give  one  or 
two  specimens  from  each  of  the  experiments.  We  lay  stress  on  mak- 
ing multiple  observations  on  any  specimen  of  blood  which  is  being 
assayed  for  epinephrin  by  the  rabbit  intestine  and  uterus  segment 
method.  With  a  single  segment  a  very  large  number  of  observations 
can  be  carried  out  without  loss  of  accuracy  in  the  comparisons  if  two 
simple  precautions  be  adopted:  First,  always  comparing  tracings 
which  are  not  too  far  apart  in  the  series;  and  second,  repeating  ob- 
servations freely.  It  is  scarcely  necessary  to  observe  that  although 
some  of  the  experimental  conditions  may  be  changed  at  will  in  the 
course  of  a  series  of  observations,  for  example,  the  weight,  comparison 
must  not  be  made  of  tracings  taken  before  with  tracings  taken  after 
the  change.  A  suitable  intestine  segment,  far  from  deteriorating  from 
long  use,  is  often  seen  to  improve  after  a  time  as  regards  constancy 
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of  response.  This  does  not  mean  that  it  also  improves  in  regard  to 
sensitiveness  although  segments  long  worked  with  may  still  be  very 
sensitive  to  small  concentrations  of  epinephrin.  An  exceedingly  sensi- 
tive segment,  however,  although  indispensable  when  the  business  is  to 
detect  minimal  quantities  of  epinephrin,  for  example,  in  determining 
whether  any  liberation  is  taking  place  after  section  of  the  nerves  of  the 
adrenal  (2)  is  not  necessarily  advantageous  in  assaying  such  concen- 
trations as  normally  exist  in  blood  coming  from  the  adrenal  veins. 
Here,  constancy  of  response  is  far  more  important  than  sensitive- 
ness. It  scarcely  needs  to  be  pointed  out  that  a  segment  may  dis- 
tinguish clearly  between  blood  containing  no  epinephrin  and  blood 
containing  1 :  100,000,000,  and  yet  may  not  give  a  clear  difference 
between  two  bloods  containing  respectively  1 :  3,000,000  and  1 :  3,500,000 
even  when  the  bloods  are  applied  in  all  degrees  of  dilution.  All  the 
tracings  given  in  figures  1  to  13,  as  well  as  others  not  reproduced,  were 
obtained  from  one  intestine  segment,  on  which  ten  specimens  of  blood 
were  assayed. 

Experiment  1.  Condensed  protocol.  Cat  (pregnant).  Weight,  3.03  kgm. 
Urethane,  5  grams  by  stomach  tube.  Inserted  tracheal  and  jugular  cannulae 
and  obtained  a  specimen  of  jugular  blood.  Made  a  "short"'  cava  pocket,  tying 
the  renal,  coeliac  and  mesenteric  arteries  and  the  abdominal  aorta.  Then  col- 
lected the  following  specimens  of  adrenal  blood. 


NUMBER  OF  ADRENAL 
SPECIMEN 

BLOOD   COLLECTED 

TIME   OF  COLLECTION 

BLOOD  FLOW   PER 

MINUTE 

grams 

minutes 

grams 

1 

4.7 

2 

2.3 

2 

7.8 

4 

2.0 

3 

10.1 

6 

1.7 

4 

9.8 

8 

1.2 

5 

3  5 

9 

0.4 

Now  collected  more  blood  from  the  jugular.  Combined  weight  of  the  two 
adrenals  0.360  grams.  The  bloods  were  immediately  put  on  ice  and  after  two 
hours  tested  on  rabbit  intestine  and  uterus  segments,  an  assay  of  the  epinephrin 
being  made  on  the  former. 


'  Where  blood  is  collected  from  the  cava  pocket  through  a  cannula  it  is  ad- 
vantageous to  make  the  pocket  much  shorter  (by  inserting  the  cannula  higher  up 
in  the  vein)  than  in  cases  where  the  pocket  is  used  as  a  receptacle  to  accumulate 
adrenal  vein  blood  which  is  then  released  into  the  circulation.  In  the  latter 
case  it  is  essential  to  have  a  capacious  pocket,  whereas  in  the  former  it  is  more 
important  to  reduce  the  dead  space,  so  that  overlapping  of  successive  samples 
as  well  as  the  risk  of  clotting  may  be  minimized. 
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Tracings  illustrating  the  assay  of  the  various  adrenal  blood  samples 
on  a  rabbit  intestine  segment  are  reproduced  in  figures  1  to  7.  Figure  1 
shows  that  the  fourth  specimen  (observation  32)  has  a  distinctly  greater 
effect  on  the  segment  than  the  second  (observation  30);  and  that  the 
concentration  of  epinephrin  in  the  fourth  specimen  is  somewhat  greater 
than  1:2,700,000  (observation  36).  The  adrenalin  (Parke,  Davis 
and  Company)  was  assayed  by  the  colorimetric  method  of  Folin,  Can- 
non and  Denis.     It  was  shown  by  the  uterus  tests  (not  reproduced) 


Fig.  1.  At  29  and  SI  Ringer's  solution  was  replaced  by  indifferent  (jugular) 
blood,  and  this  at  SO  and  S2  by  the  second  and  fourth  adrenal  blood  specimens, 
respectively.  All  the  bloods  were  diluted  with  an  equal  volume  of  Ringer's 
solution.  At  S5  Ringer  was  replaced  by  jugular  blood,  and  this  at  36  by  jugular 
blood  to  which  adrenalin  had  been  added  to  make  up  a  concentration  of  1:  2,700,- 
000,  the  adrenalin  blood  being  then  diluted  with  its  own  volume  of  Ringer'8 
solution  before  application  to  the  segments.' 

*  Figures  1  to  13  are  tracings  from  a  rabbit  intestine  segment.  All  have  been 
reduced  to  two-thirds.  The  tracings  in  figures  1,  2,  8  and  9  were  taken  with  a 
lighter  weight  than  those  in  the  other  figures.  Figures  1  to  7  are  from  bloods  of 
one  cat  (experiment  1);  figures  8  to  13  from  bloods  of  another  cat  (experiment  2). 
Figure  14  shows  tracings  from  a  rabbit  uterus  segment,  reduced  to  one-half,  with 
blood  from  a  dog  (experiment  3).  Figures  15  to  17  are  rabbit  intestine  tracings 
with  bloods  from  a  dog  (experiment  5),  reduced  to  two-thirds.  In  all  the  tracings 
time  was  marked  in  half-minutes. 


Fig.  2.  At  37  and  39  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  an  equal  volume  of  Ringer's  solution.  At  38  and  40  this  was  replaced  by 
jugular  blood  made  up  with  adrenalin  to  a  concentration  of  1 :  2,000,000  and  1 :  3,- 
400,000,  respectively,  the  adrenalin  blood  being  diluted  with  an  equal  volume  of 
Ringer's  solution  before  application  to  the  segment.  At  4^  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  4^  by  the  second  adrenal  blood  specimen, 
both  bloods  being  diluted  with  an  equal  volume  of  Ringer. 
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Fig.  3.  At  43,  45  and  47  Ringer's  solution  was  replaced  by  jugular  blood,  and 
this  at  44,  46  and  48  by  the  first,  third  and  fourth  adrenal  specimens,  respectively. 
All  the  bloods  were  diluted  with  an  equal  volume  of  Ringer's  solution  before 
application  to  the  segment. 
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that  the  inhibitory  effect  of  the  blood  on  the  intestine  was  due  to  a 
substance  which  caused  an  increase  of  tone  of  the  virgin  rabbit  uterus, 
that  is,  to  epinephrin. 

In  figure  2  it  is  indicated  that  the  second  adrenal  specimen  (observa- 
tion 42)  has  a  somewhat  greater  concentration  of  epinephrin  than 
1:3,400,000  (observation  40);  but  decidedly  less  than  1:2,000,000 
(observation  38),  which,  however,  is  not    much   different   from   the 


Fig.  4.  At  49  and  51  Kinger's  solution  was  replaced  by  jugular  blood,  and  this 
at  50  and  52  by  the  second  and  the  fifth  adrenal  blood  specimens,  respectively. 
All  the  bloods  were  diluted  with  an  equal  volume  of  Ringer.  At  61  Ringer's 
solution  was  replaced  by  jugular  blood  diluted  with  its  own  volume  of  Ringer, 
and  this  at  62  by  jugular  blood  made  up  with  adrenalin  to  a  concentration  of 
1:  1,350,000,  the  mixture  being  then  diluted  with  an  equal  volume  of  Ringer's 
solution  before  application  to  the  segment. 


concentration  in  the  fourth  specimen  (observation  32,  fig.  1).  Figure 
3  clearly  indicates  the  progressive  increase  in  epinephrin  concentration 
in  the  first  (observation  44),  third  (observation  46)  and  fourth  speci- 
mens (observation  48).  Comparison  of  figure  4  with  figure  3  shows 
that  the  second  specimen  (observation  50)  does  not  differ  much  from 
the  first  (observation  44).  It  must  be  remembered  that  the  first 
specimen  will  contain  the  epinephrin,  if  any,  Uberated  by  the  manip- 
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ulation  incidental  to  clipping  off  the  upper  end  of  the  cava  pocket 
before  beginning  the  collection  of  blood.  On  the  other  hand,  a  little 
indifferent  cava  blood  may  be  included  in  the  pocket  when  it  is  clipped 
off,  and  this  would  dilute  the  first  specimen.  The  result  of  the  tests 
on  the  first  adrenal  specimen  shows  that  in  this  experiment  little 
epinephrin  was  liberated  by  ma^nipulation.  The  fifth  specimen  (ob- 
servation 52,  fig.  4)  has  a  much  greater  concentration  of  epinephrin 
than  any  of  the  others,  and  distinctly  greater  than  1:  1,350,000  (obser- 
vation 62).  No  estimate  can  be  formed  of  the  magnitude  of  the  differ- 
ence between  the  concentration  in  the  fifth  specimen  and  1: 1,350,000 


Fig.  5.  At  55  and  59  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  an  equal  volume  of  Ringer,  and  this  at  56  and  60  by  jugular  blood  made  up 
with  adrenalin  to  a  concentration  of  1:  2,000,000  and  1:  2,700,000,  respectively; 
the  adrenalin  bloods  being  then  diluted  with  an  equal  volume  of  Ringer  before 
application  to  the  segment. 

from  these  two  observations,  because  the  inhibitory  effect  on  the 
intestine  segment  approaches  the  maximum  effect  too  nearly.  To 
sharpen  the  assay  greater  dilutions  of  the  blood  specimen  were  used 
later  on  in  the  experiment. 

Figure  5  indicates  that  adrenalin  in  indifferent  blood  in  a  concen- 
tration of  1:2,000,000  (observation  56),  gives  practically  the  same 
inhibition  as  the  fourth  adrenal  blood  specimen  similarly  diluted 
(observation  48,  fig.  3).     Observation  60  (fig.  5)  shows  that  a  con- 


EFFECT   OF   BLOOD   FLOW   ON    LIBERATION    OF   EPINEPHRIN 


155 


^ 

...  Jiy 

'/ri^'i 

i 

{■'.•. 

i,. 
■  ¥'■■ 

1 

I — } ! — 

1 — 1 — 1     1 — ! — r-       1      \      1 

— 1 — 1 — 1 — 1 — 1 — 1 

Fig.  6.  At  53  Ringer's  solution  was  replaced  by  jugular  blood  diluted  with  its 
own  volume  of  Ringer  and  this  at  54  by  jugular  blood  made  up  with  adrenalin  to 
a  concentration  of  1:  3,400,000,  the  adrenalin  blood  being  then  diluted  with  its 
own  volume  of  Ringer.  At  63  Ringer's  solution  was  replaced  by  jugular  blood 
and  this  at  64  by  the  first  adrenal  blood  sample,  both  bloods  being  diluted  with 
an  equar  volume  of  Ringer. 
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Fig.  7.  At  65  and  67  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  its  own  volume  of  Ringer.  At  68  this  was  replaced  by  the  fourth  adrenal 
specimen  similarly  diluted.  At  66  the  diluted  jugular  blood  was  replaced  by  a 
mixture  containing  one  part  of  the  fifth  adrenal  blood,  one  part  of  jugular  blood 
and  two  parts  of  Ringer's  solution.  The  ultimate  dilution  of  the  epinephrin 
in  the  fifth  specimen  was  thus  twice  as  great  as  in  the  fourth  specimen  at  observa- 
tion 68. 
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centration  of  1 :  2,700,000  is  quite  distinctly  less  than  that  of  the  fourth 
specimen  (observation  48,  fig.  3),  but  probably  somewhat  greater  than 
that  of  the  third  specimen  (observation  46,  fig.  3),  In  figure  6  it  is 
seen  that  the  first  adrenal  blood  sample  (observation  64)  has  a  con- 
centration of  epinephrin  httle  different  from  1 :  3,400, 000  (observation 
54) ,  but  probably  slightly  greater.  In  figure  7  the  fourth  specimen  was 
compared  with  the  fifth  in  greater  dilution  than  in  figures  3  and  4. 
Observation  68  shows  the  effect  of  the  fifth  specimen  when  the  epi- 
nephrin in  it  was  diluted  twice  as  much  as  the  epinephrin  in  the  fourth 
specimen  (observation  66).  The  dilution  was  made  in  such  a  way 
(see  legend  of  figure)  that  the  concentration  of  blood  was  the  same  in 
the  two  observations.  It  is  obvious  that  the  curve  in  observation  68 
falls  more  sharply  after  the  first  abrupt  drop  than  that  in  observation 
66,  so  that  in  three  minutes  it  has  more  nearly  approached  the  base 
line.  There  is  no  doubt,  then,  that  the  fifth  specimen  contains  more 
than  twice  as  much  epinephrin  as  the  fourth.  It  should  have  three 
times  as  great  a  concentration  if  the  rate  of  liberation  was  constant 
during  this  period  of  the  experiment,  since  the  rate  of  blood  flow  during 
collection  of  the  fifth  sample  was  only  one-third  of  that  during  collec- 
tion of  the  fourth.  It  is  necessary,  however,  to  point  out  that  as 
concentrations  much  greater  than  1:1,000,000  are  not  found  in  the 
adrenal  vein  blood  of  cats,  at  least  as  collected  under  our  experimental 
conditions  and  assayed  on  rabbit  segments,  the  strict  inverse  ratio  of 
concentration  and  blood  flow  is  bound  to  fail  for  samples  collected  in 
the  neighborhood  of  the  maximum  possible  concentration.  If  we  com- 
pare the  second  and  fourth  specimens,  leaving  out  the  first  for  the 
reason  mentioned,  although  it  certainly  does  not  differ  much  from  the 
second,  we  obtain  between  the  concentrations  (1 : 2,000,000  for  the 
fourth,  ±  1:3,400,000  for  the  second)  a  ratio  of  1:  1.7.  The  ratio 
between  the  blood  flows  is  also  1 : 1.7.  Taking  the  concentration  of  the 
third  specimen  as  1 : 2,700,000,  the  ratio  between  the  concentrations 
of  the  third  and  fourth  specimens  is  1:1.4.  The  ratio  between  the 
blood  flows  of  the  fourth  and  third  specimens  is  also  1 :  1.4. 

Taking  the  concentration  of  the  second  specimen  as  1 :  3,400,000  and 
that  of  the  third  as  1 : 2,700,000,  the  ratio  between  the  concentrations 
is  1: 1,3.  The  ratio  between  the  blood  flows  of  the  two  specimens  is 
1: 1.2.  It  would  be  absurd  to  refine  on  such  calculations,  considering 
the  degree  of  accuracy  possible  in  epinephrin  assays  even  under  the 
best  conditions  with  such  small  concentrations  as  are  present  in  blood. 
But  it  is  clear  enough  that  in  this  experiment,  for  a  considerable  range 
of  blood  flow,  the  rate  of  liberation  of  epinephrin  must  be  assumed  to 
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Experiment  2.  Protocol.  Cat  (pregnant).  Weight,  2.975  kgm.  Urethane, 
4.5  grams.  Tracheal  and  jugular  cannulae  inserted,  and  a  small  sample  of  jugular 
blood  obtained.  Then  a  short  cava  pocket  was  made  with  ligation  of  renal 
arteries  and  abdominal  aorta,  and  the  following  specimens  of  adrenal  blood 
collected. 


NtTMBEB  OF   ADREXAL 
SPECIMEN 

BLOOD   COLLECTED 

TIME    OF  COLIXCnON 

BLOOD  FLOW  FEB 
MINUTE 

grams 

minutes 

grams 

1 

5.2 

2 

2.6 

2 

9.3 

4 

2.3 

3 

11.6 

5 

2.3 

4 

10.6 

5 

2.1 

5 

11.1 

6 

1.8 

6 

5.4 

10 

0.5 

The  sixth  specimen  was  collected  while  additional  blood  was  being  obtained 
from  the  jugular  (40  cc).    Combined  weight  of  adrenals,  0.58  gram. 


Fig.  8.  At  19  Ringer's  solution  was  replaced  by  indifferent  (jugular)  blood 
diluted  with  an  equal  volume  of  Ringer,  and  this  at  20  by  the  second  adrenal  blood 
sample  (from  experiment  2)  similarly  diluted.  At  21  Ringer's  solution  was  re- 
placed by  jugular  blood  diluted  with  an  equal  volume  of  Ringer,  and  this  at  22 
by  jugular  blood  made  up  with  adrenalin  to  a  concentration  of  1:  4,000,000,  the 
adrenalin  blood  being  then  diluted  with  its  own  volimie  of  Ringer  before  applica- 
tion to  the  segment.  The  weight  used  was  less  than  in  the  other  figures  from 
experiment  2  except  figure  9. 
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have  remained  approximately  constant.  It  necessarily  follows  that 
the  concentration  of  epinephrin  in  the  blood  of  the  adrenal  veins  must 
have  varied  inversely  as  the  blood  flow  through  the  glands. 

The  same  thing  is  demonstrated  fully  as  well  in  experiment  2. 
The  initial  concentration  in  this  experiment  being  smaller  than  in  the 
previous  one,  the  rule  of  the  inverse  ratio  applies  even  to  the  specimen 
collected  with  the  slowest  flow. 


Fig.  9.  At  £3  and  25  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  its  own  volume  of  Ringer,  and  this  at  24  and  26  by  jugular  blood  made  up 
with  adrenalin  to  concentrations  of  1:  2^.700,000  and  1:1,350,000  respectively; 
the  adrenalin  bloods  being  then  diluted  with  an  equal  volume  of  Ringer's  solution 
before  application  to  the  segment.  The  weight  used  was  less  than  in  the  other 
figures  from  experiment  2  except  figure  8. 

The  bloods  from  experiment  2  were  tested  on  the  same  intestine 
segment  as  those  from  experiment  1.  Figure  8  shows  that  the  second 
adrenal  blood  specimen  from  experiment  2  (observation  20)  produces 
an  effect  on  the  intestine  nearly  the  same  as  that  produced  by  indifferent 
(jugular)  blood  containing  adrenalin  in  the  concentration  of  1 :  4,000,000. 
The  epinephrin  concentration  in  this  specimen  was  shown  to  be  decidedly 
less  than  1:2,700,000,  and  very  much  less  than  1:  1,350,000  (fig.  9, 
observations  24  and  26).     These  curves  are  reproduced  to  prove  that 
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the  sensitiveness  of  the  segment  to  different  concentrations  of  adrenalin 
in  blood  was  sufl&cient  for  the  purposes  of  the  assay.  Figures  10  and  11 
display  the  effects  of  all  the  adrenal  blood  specimens  from  experiment  2 
on  the  intestine  segment.  The  second  and  third  specimens  (observa- 
tions 72  and  74,  fig.  10)  produced  practically  the  same  inhibition,  and 
it  will  be  seen  from  the  protocol  that  during  their  collection  the  blood 
flow  remained  unchanged. 

These  tracings  cannot  be  quantitatively  compared  with  those  re- 
produced in  figures  8  and  9,  because  the  weight  attached  to  the  lever 


Fig.  10.  At  69,  71  and  7S  Ringer's  solution  was  replaced  by  jugular  blood  and 
this  at  70,  72  and  74,  respectively,  by  the  first,  second  and  third  adrenal  blood 
specimens  (experiment  2).  All  the  bloods  were  diluted  with  an  equal  volume 
of  Ringer's  solution. 

had  been  increased  after  observation  42  (fig.  2).  Also,  as  already 
mentioned,  it  is  a  rule  in  this  method  of  assaying  only  to  compare 
observations  not  very  far  apart  in  the  series.  The  somewhat  greater 
inhibitor^'  effect  caused  by  the  first  specimen  (observation  70,  fig.  10) 
than  by  the  second  or  third  is  doubtless  due  to  some  shght  "manipula- 
tive" Uberation  of  epinephrin  while  the  pocket  was  being  closed  off. 
Observation  80  (fig.  11)  indicates  a  slightlj'-  greater  concentration  for 
the  fourth  adrenal  sample  than  for  the  third  (observation  74,  fig.  10), 
and  the  rate  of  blood  flow  during  collection  of  the  fourth  specimen  was 
slightly  less  than  during  collection  of  the  third.  Observ^ation  82  (fig.  11) 
suggests  that  the  epinephrin  concentration  in  the  fifth  specimen  is 
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somewhat  greater  than  in  the  fourth.  In  particular,  the  transient 
rise  following  the  first  abrupt  drop  is  less  than  in  observation  80.  The 
blood  flow  during  collection  of  the  fifth  specimen  was  somewhat  less 
than  during  collection  of  the  fourth.  The  inhibition  produced  by  the 
sixth  adrenal  blood  sample  (observation  84,  fig.  11)  obviously  corre- 
sponds to  a  very  much  greater  epinephrin  concentration  than  that  of 
any  of  the  other  specimens,  and  the  protocol  shows  that  the  blood 


Fig.  11.  At  79,  81  and  8S  Ringer's  solution  was  replaced  by  jugular  blood,  and 
this  at  80,  82  and  84,  respectively,  by  the  fourth,  fifth  and  sixth  adrenal  blood 
specimens  (experiment  2).  All  the  bloods  were  diluted  with  one  volume  of 
Ringer's  solution.  The  drum  was  lowered  in  the  interval  between  figures  10  and 
11,  so  as  to  obtain  space  for  the  drop  expected  in  observation  84-  The  greater 
distance  of  the  curves  from  the  base  line  accordingly  does  not  indicate  that  the 
tone  of  the  segment  beating  in  Ringer's  solution  had  increased. 

flow  during  collection  of  the  sixth  specimen  was  by  far  the  smallest  of 
all.  The  observations  illustrated  in  figures  10  and  11  are  sufficient  to 
show  qualitatively  an  inverse  relation  between  the  rate  of  blood  flow 
and  the  epinephrin  concentration.  Figures  12  and  13  complete  the 
quantitative  proof.  Observation  86  (fig.  12)  indicates  that  1 :  2,700,000 
is  a  little  greater  than  the  concentration  in  the  fifth  specimen  (observa- 
tion 82,  fig.  11).     The  initial  drop  in  observation  86  is  somewhat  greater, 
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and  the  subsequent  transient  recovery  of  tone  decidedly  less  than  in 
observation  82.,  It  was  previously  determined  that  the  concentration 
in  the  second  specimen  of  experiment  2  was  approximately  1 : 4,000,000. 
If  the  concentration  in  the  fifth  specimen  be  taken  even  as  1 :  2,700,000, 
and  it  is  less  than  this,  the  ratio  between  the  concentrations  of  the 
second  and  fifth  specimen  is  1: 1.5,  whereas  the  ratio  between  the  blood 
flows  of  the  fifth  and  second  specimens  is  1: 1.3.  If  the  concentration 
of  the  fifth  specimen  be  taken  as  1 : 3,000,000,  the  ratio  between  the 


y 

r 

III! 

11      i-j                 , 

1  1  t  1  1  (  1  t  . 

d'^ 

/    J 

'    !          - 

1 

\ 

^^H^fl 

■  1                  J 

1 

^Kil 

iT^^ 

i 

'  '^-r 

«     m  (7 

7    i               '  '^/ 

'OJ 

liSil 

/                  ' 

*^f11 

1     '^      '■*' 

\ 

LLLL 

V, , 

Fig.  12.  At  85,  87  and  89  Ringer's  solution  was  replaced  by  jugular  blood  diluted 
with  an  equal  volume  of  Ringer,  and  this  at  86,  88  and  90  by  jugular  blood  made  up 
with  adrenalin  to  concentrations  of  1 :  2,700,000,  1 :  1,350,000  and  1 :  700,000 
respectively,  the  adrenalin  bloods  being  then  diluted  with  an  equal  volume  of 
Ringer  before  application  to  the  segment. 

concentrations  will  also  be  1: 1.3.  Comparing  observation  84  (fig.  11) 
with  observations  88  and  90  (fig.  12).  it  is  clear  that  the  concentration 
in  the  sixth  specimen  is  superior  to  1: 1,350,000,  and  not  very  different 
from  1 :  700,000.  The  response  of  the  intestinal  segment  to  such  high 
concentrations  of  epinephrin  is,  however,  too  near  the  maximum  re- 
sponse for  the  greatest  accuracy  of  which  the  method  is  capable.  Ac- 
cordingly observations  were  made  with  a  greater  degree  of  dilution. 

In  figure  13  it  is  shown  that  the  concentration  of  epinephrin  in  the 
sixth  specimen  (observation  92)  is  somewhat  less  than  1 :  700,000  (ob- 
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servation  94),  and  decidedly  greater  than  1:950,000  (observations 
98  and  100).  If  the  concentration  in  the  sixth  specimen  be  taken  as 
1:800,000  and  that  in  the  fifth  specimen  as  1:3,000,000,  the  ratio 
between  the  concentrations  of  the  fifth  and  sixth  samples  comes  out 
1:  3.7.  Taking  the  concentration  in  the  fifth  specimen  as  1:  2,700,000, 
the  ratio  would  be  1 :  3.4.  The  ratio  between  the  blood  flows  for  the 
sixth  and  fifth  specimens  is  1 :  3.6.  In  this  experiment,  with  a  range  of 
blood  flow  from  2.3  grams  per  minute  to  0.5  gram  per  minute,  the  inverse 
ratio  between  blood  flow  and  epinephrin  concentration  in  the  adrenal 
blood  was  maintained;  in  other  words,  the  rate  of  liberation  of  epi* 
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Fig.  13.  At  91  Ringer's  solution  was  replaced  by  jugular  blood  diluted  with 
its  own  volume  of  Ringer.  At  92  this  was  replaced  by  a  mixture  containing  one 
part  of  the  sixth  adrenal  blood,  (from  experiment  2)  one  part  of  jugular  blood  and 
two  parts  of  Ringer's  solution.  At  93  Ringer's  solution  was  replaced  by  jugular 
blood  diluted  with  its  own  volume  of  Ringer,  and  this  at  94  by  a  mixture  containing 
ing  one  part  of  jugular  blood  made  up  with  adrenalin  to  a  concentration  of 
1:  700,000,  one  part  of  jugular  blood  and  two  parts  of  Ringer.  At  97  Ringer's 
solution  was  replaced  by  jugular  blood,  diluted  with  two  volumes  of  Ringer,  and 
this  at  98  by  the  sixth  adrenal  specimen  (from  experiment  2)  similarly  diluted. 
At  99  Ringer's  solution  was  replaced  by  jugular  blood  diluted  with  two  volumes 
of  Ringer,  and  this  at  100  by  jugular  blood  made  up  with  adrenalin  to  a  con- 
centration of  1 :  950,000,  the  adrenalin  blood  being  then  diluted  with  two  volumes 
of  Ringer  before  application  to  the  segment. 
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nephrin  remained  constant  for  the  whole  of  this  experimental  period. 
It  must  be  assumed  that  in  this  animal  even  when  the  verj-^  high  con- 
centration of  1 :  800,000  had  been  reached  in  the  blood,  the  glands  were 
still  able  to  pass  into  the  blood  the  full  amount  of  epinephrin  delivered 
per  unit  of  time  \Nnth  greater  blood  flows.  Since,  however,  1 :  800,000 
represents  a  concentration  scarcely  ever  surpassed  in  adrenal  blood, 
collected  and  assaj'ed  in  the  manner  described,  it  may  be  concluded 
with  confidence  that  had  collection  of  the  adrenal  blood  been  continued 
with  still  smaller  rates  of  flow,  the  inverse  proportionality  would  of 
necessity  have  disappeared  and  the  amount  of  epinephrin  liberated  per 
minute  into  the  blood  would  have  shown  a  progressive  diminution. 

In  general  it  may  be  said  that  the  approximate  constancj'-  of  the  rate 
of  epinephrin  liberation  under  the  experimental  conditions  can  be 
demonstrated  throughout  the  greatest  range  of  blood  flow  when  the 
initial  concentration  is  low,  or  what  usually  although  not  invariably 
comes  to  the  same  thing,  when  the  initial  blood  flow  is  high.  When  the 
concentration  in  the  first  samples  is  already  high,  the  rate  of  hberation 
will  soon  appear  to  diminish  as  the  rate  of  blood  flow  falls  below  the 
point  corresponding  to  the  maximum  possible  concentration.  A  few 
more  results  illustrating  this  rule  may  be  quoted  in  summarized  form. 

In  a  cat  weighing  2.035  kgm.,  the  protocol  of  which  has  been  published 
elsewhere  (3),  the  second  adrenal  blood  specimen,  with  a  flow  of  2.2 
grams  per  minute,  had  a  concentration  of  about  1 : 2,500,000  of  epi- 
nephrin; and  the  third  adrenal  specimen,  with  a  flow  of  1.3  gram  per 
minute,  a  concentration  of  about  1: 1,500,000.  The  ratio  of  the  con- 
centrations of  the  second  and  third  specimens  is  1: 1.7,  and  the  ratio 
of  the  blood  flows  of  the  third  and  second  specimens  is  also  1 : 1.7.  The 
output  of  epinephrin  was  therefore  unchanged  during  collection  of 
the  two  samples  (0.0009  mgm.  per  minute).  This  is  a  relatively  large 
output  as  assaj^ed  in  drawn  blood  on  rabbit  segments.  In  the  fifth 
adrenal  specimen,  the  output  calculated  from  the  epinephrin  assay 
was  much  less,  0.0004  mgm.  per  minute.  But  this  was  inevitable, 
since  the  blood  flow  was  only  0.4  gram  per  minute,  and  the  concentration 
which  was  already  approaching  the  maximmn  limit  during  collection 
of  the  third  specimen,  could  not  increase  in  proportion  to  the  decrease 
of  blood  flow,  although  it  reached  the  high  value  of  1:  1,000,000. 

In  another  cat,  weighing  2.66  kgm.  (2),  the  concentration  in  the 
second  adrenal  sample  was  1 : 4,500,000,  and  in  the  fifth,  1 : 2,300,000. 
The  blood  flows  were  2.1  grams  and  1.0  gram  per  minute,  respectively. 
The  ratio  between  the  concentrations  of  the  second  and  fifth  specimens 
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H  1:2.1. 
IS  1 :  2,  and  that  between  the  blood  flows  of  the  fifth  and  secor- 

The  output  of  epinephrm  per  minute  was  therefore  practically  tfi^ 

for  the  two  samples,  about  0.00045  mgm.  per  minute.  '^^  ^ 

In  another  cat,  weighing  3.16  kgm.,  the  concentration  in  the  secona 
adrenal  specimen  was  1: 1,700,000,  with  a  blood  flow  of  1.30  gram  per 
minute,  and  in  the  third  specimen,  1:1,000,000,  with  a  flow  of  0.73 
gram  per  minute.  The  rate  of  liberation  of  epinephrin  was  relatively 
large  in  this  animal,  and  therefore  the  maximum  concentration  was 
reached  with  a  greater  blood  flow  than  would  have  been  the  case  had 
the  output  been  smaller.  The  ratio  between  the  concentrations  in  the 
two  specimens  is  1:  1.7,  and  the  ratio  between  the  blood  flows,  1:  1.8. 
The  output  of  epinephrin  per  minute  was  practically  the  same  for  the  two 
samples,  about  0.00075  mgm. 

In  a  cat  weighing  2.435  kgm.  the  concentration  of  epinephrin  was 
found  the  same,  namely  1 : 2,000,000,  in  the  second,  third  and  fourth 
adrenal  blood  specimens,  and  the  blood  flows  were  also  equal  (1.3 
gram  per  minute).  The  output  of  epinephrin  per  minute  was  0.0006 
mgm. 

In  a  cat  weighing  2.31  kgm.,  the  imusually  low  concentration  of 
1 :  13,000,000  of  epinephrin  was  found  in  the  second  adrenal  blood 
specimen,  associated  with  the  unusually  high  blood  flow  of  5.0  gram 
per  minute  (4).  In  the  eighth  adrenal  specimen,  after  section  of  the 
cord  in  the  cervical  region,  the  concentration  mounted  to  something 
less  than  1 :  800,000,  as  great  a  concentration  of  epinephrin  as  we  have 
ever  seen  in  the  drawn  adrenal  blood  of  a  cat.  The  blood  flow  during 
collection  of  the  sample  was  only  0.3  gram  per  minute.  The  concen- 
tration in  the  eighth  specimen  was  accordingly  about  sixteen  times  as 
great  as  in  the  second,  and  the  rate  of  blood  flow  during  collection  of 
the  eighth  specimen  was  sixteen  times  smaller  than  during  collection  of 
the  second.  The  output  of  epinephrin  therefore  remained  unaltered, 
namely,  0.0004  mgm.  per  minute. 

In  dogs  the  available  data  are  less  extensive  but  similar  results  have 
been  obtained.  In  an  experiment  on  a  dog  weighing  14.9  kgm.,  the 
protocol  of  which  has  been  published  in  another  connection  (4),  the 
concentration  of  epinephrin  in  the  fifth  adrenal  blood  specimen  was 
about  1:3,000,000;  and  in  the  eighth  specimen,  about  1:1,100,000. 
The  blood  flows  were  5.7  cc.  and  1.8  cc.  per  minute.  The  rate  of  libera- 
tion of  epinephrin  per  minute  was  therefore  practically  the  same  in 
the  two  samples,  notwithstanding  the  great  difference  in  the  blood  flow. 
No  doubt  the  correspondence  would  have  been  still  more  exact  had  the 
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concentration  in  the  final  sample  not  been  approaching  so  near  the 
maximum. 

In  some  of  the  dogs  the  attempt  was  made  to  vary  the  blood  flow 
through  the  adrenals  by  causing  incomplete  inhibition  of  the  heart  by 
vagus  stimulation.  However,  the  effect,  was  not  very  decided.  The 
rule  abundantly  illustrated  in  the  experiments  on  cats,  that  a  specimen 
of  adrenal  blood  collected  with  a  slower  flow  has  a  greater  concentra- 
tion of  epinephrin  than  one  collected  in  the  same  experiment  with  a 
faster  flow,  was  verified  in  every  case  in  the  observations  on  dogs.  So 
many  intestine  tracings  having  been  already  reproduced,  it  will  be 
sufficient  to  give  a  sample  of  uterus  tracings  (fig.  14,  experiment  3) 
illustrating  this  point. 

ExTperiment  3.  Protocol.  Dog  (female).  Weight,  6.7  kgm.  Ether.  Cava 
pocket  prepared  with  cannula  in  right  iliac  vein.  One  vagus  prepared  for  stimula- 
tion in  the  neck.    The  following  samples  of  blood  were  then  collected: 


NUMBER  OF 
ADRENAL 
SPECIMEN 

BLOOD 
COLLECTED 

TIME   OF 
COLLECTION 

BLOOD  FLOW 
PER   MINOTE 

REMARKS 

CC. 

■miniUes 

seconds 

CC. 

1 

28.0 

1 

45 

16.0 

2 

31.0 

1 

50 

16.9 

3 
4 
5 

42.0 
30.5 
20.0 

2 

2 

2 

20 
45 
10 

18.2 

11.9 

9.2 

Vagus  stimulation 
Vagus  stimulation 

6 

7 

19.5 
20.0 

3 
4 

45 

6.5 
4.2 

Vagus  stimulation 

8 

18.0 

7 

2.6 

9 

8.7 

6 

30 

1.3 

Blood  was  now  collected  from  the  carotid  artery  and  used  as  the  indifferent 
blood  in  testing  with  rabbit  intestine  and  uterus  segments.  As  usual,  all  bloods 
were  well  shaken  up  with  air  before  being  applied  to  the  segments.  The  com- 
bined weight  of  the  adrenals  was  0.65  gram. 

From  the  amoimt  of  the  earlier  blood  flows,  it  seems  possible  that 
some  leakage  from  other  sources  than  the  adrenal  veins  may  have  taken 
place  into  the  pocket,  although  careful  search  at  autopsy  failed  to  reveal 
any  untied  small  vein.  It  must  be  remembered,  however,  that  with  so 
many  arteries  clamped  the  arterial  blood  pressure  is  very  high  at  first, 
and  a  large  blood  flow  through  the  adrenals  would  therefore  be  expected. 
In  any  case,  the  relative  concentration  of  epinephrin  in  the  successive 
adrenal  samples  would  probably  not  be  affected,  even,  if  a  small  vein 
had  been  overlooked. 
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The  specimens  of  uterus  tracings  reproduced  in  figure  14  suggest 
that  the  second  adrenal  sample  (observation  81)  has  a  slightly  higher 
concentration  of  epinephrin  than  the  third  sample  (observation  75), 
corresponding  to  the  slightly  greater  flow  during  collection  of  the 
latter,  notwithstanding  the  vagus  stimulation.  The  fourth  sample 
(observation  76)  has  a  distinctly  greater  tone-increasing  effect  than  the 
third;  the  fifth  sample  (observation  77)  has  a  greater  effect  than  the 
fourth,  the  sixth  (observation  78)  a  greater  effect  than  the  fifth,  and  the 
seventh  (observation  79)  a  greater  effect  than  the  sixth.  The  in- 
crease of  tone  produced  by  the  seventh  sample  was  shown  to  be  maxi- 


Fig.  14.  Uterus  tracings.  Dog's  blood  (experiment  3).  At  75  Ringer's 
solution  was  replaced  by  the  third  adrenal  blood  specimen;  at  76  by  the  fourth; 
at  77  by  the  fifth;  at  7S  by  the  sixth;  at  79  by  the  seventh;  at  M  by  the  second 
adrenal  sample. 

mal  for  the  segment,  and  thttt  is  the  reason  for  the  relatively  small 
additional  increase  caused  by  the  seventh  specimen.  The  eighth  and 
ninth  samples  naturally  produced  no  further  increase  of  tone.  But 
when  the  specimens  were  appropriately  diluted  a  markedly  greater 
effect  was  caused  by  the  seventh  than  by  the  sixth,  by  the  eighth  than 
by  the  seventh,  and  by  the  ninth  than  by  the  eighth.  Corresponding 
results  were  obtained  on  the  intestine  segments. 

In  another  dog  (experiment  4),  a  similar  experiment  was  performed 
and  with  a  similar  result. 

The  epinephrin  content  of  the  second  adrenal  specimen  was  assayed 
on  a  rabbit  intestine  segment  at  1 :  6,000,000,  corresponding  to  an  out- 
put of  0.001  mgm.  of  epinephrin  per  minute  for  the  animal  (0.00015 
mgm.  per  kilogram  of  body  weight  per  minute).     The  epinephrin  con- 
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tent  of  the  sixth  adrenal  specimen  was  assayed  at  somewhat  more  than 
1:3,000,000,  corresponding  to  an  output  of  more  than  0.0009  mgm. 
per  minute  for  the  animal,  practically  the  same  as  for  the  second  speci- 
men. The  concentrations  in  the  two  specimens  were  therefore  ap- 
proximately in  the  inverse  ratio  of  the  blood  flows.  Several  additional 
experiments  were  made  on  dogs,  of  which  only  one  more  will  be  cited. 

Experiment  4-  Protocol.  Dog  (female  in  early  pregnancy).  Weight,  7.7 
kgm.  Ether.  Cava  pocket  made.  Renal  and  iliac  arteries  and  left  iliac  vein 
tied.  Cannula  inserted  into  right  iliac  vein.  Left  vagus  cut  in  the  neck  and  its 
peripheral  end  prepared  for  stimulation.  The  following  specimens  of  adrenal 
blood  were  then  collected. 


KUMBEB  OF 
ADRENAL 
SPECIMEN 

BLOOD 
COLLECTED 

TIME   OF 
COLLECTION" 

BLOOD      FLOW 
PER   MIXCTE 

REMARKS 

cc. 

minuies       second* 

ce. 

1 

13.2 

1            40 

8.0 

2 

13.0 

2 

6.5 

Vagus  stimulation 

3 

12.5 

2            30 

5.0 

Vagus  stimulation 

4 

16.6 

4            28 

3.7 

5 

12.6 

4            29 

2.8 

6 

7.0 

2            30 

2.8 

Vagus  stimulation 

A  sample  of  jugular  vein  blood  (17  cc.)  was  drawn  before  collection  was  begun 
from  the  cava  pocket.  After  collection  of  the  adrenal  samples,  120  cc.  of  blood 
was  obtained  from  the  carotid  artery.  The  combined  weight  of  the  adrenals 
was  0.78  gram. 


Fig.  15.  Intestine  tracings.  Dog's  blood  from  experiment  5.  At  57,  59,  61 
and  65  Ringer's  solution  was  replaced  by  indififerent  (arterial)  blood,  and  this 
at  58,  60,  62  and  66,  by  the  tenth,  seventh,  eighth  and  fourth  adrenal  blood  speci- 
mens respectively.  All  the  bloods  were  diluted  with  three  volumes  of  Ringer's 
solution. 
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Experiments.  Dog  (male).  Weight,  11.3  kgm.  Ether.  A  cava  pocket  was 
formed  without  tying  off  the  intestinal  arteries.  A  blood  pressure  tracing  was 
taken  from  the  carotid  during  collection  of  the  adrenal  samples.  During  col- 
lection of  some  of  the  samples  the  vagus  was  stimulated  in  the  neck. 


NUMBER   OF 
ADRENAL 
SPECIMEN 

BLOOD 
COLLECTED 

TIME   OF 
COLLECTION 

BLOOD 

FLOW   PER 

MINUTE 

BLOOD 

PRESSURE 

RE.MARKS 

CC. 

minutes 

seconds 

CC. 

mm.  of  Hg. 

1 

21.4 

1 

28 

14.6 

96 

2 

20.4 

1 

25 

12.7 

92 

Vagus  stimulation 

3 

21.9 

2 

21 

9.3 

92 

4 

16.6 

2 

15 

7.4 

82 

Vagus  stimluation 

5 

21.9 

2 

50 

7.7 

82 

Vagus  stimulation* 

6 

17.7 

2 

30 

7.0 

82-70 

Vagus  stimulation* 

7 

17.6 

3 

5.8 

65 

8 

21.9 

3 

36 

6.0 

60 

9 

21.7 

3 

55 

5.5 

60  falling 

10 

22.9 

6 

15 

3.6 

falling 

11 

12.4 

4 

33 

2.7 

28-22 

*  The  vagus  was  stimulated  during  part  of  the  time  of  collection  of  these 
specimens. 

Blood  was  drawn  from  the  jugular  vein  before  collection  of  the  adrenal  samples 
to  serve  as  indifferent  blood  in  the  intestine  and  uterus  tests.  Combined  weight 
of  adrenals,  1.30  gram.  Seventy-five  cubic  centimeters  of  blood  was  obtained  from 
the  carotid  at  the  end  of  the  experiment.  Specific  gravity  of  fifth  adrenal  speci- 
men, 1.071.  Specific  gravity  of  the  carotid  blood  at  the  end  of  the  experiment, 
1.062. 

Numerous  tracings  were  taken  to  compare  the  effects  of  the  various 
adrenal  blood  samples  on  intestine  and  uterus  segments.  A  few  are 
reproduced  in  figures  15  to  17.  In  figure  15  it  is  seen  that  the  tenth 
adrenal  specimen  (observation  58)  inhibits  the  intestine  segment  much 
more  powerfully  than  either  the  seventh  (observation  60)  or  the  eighth 
(observation  62),  and  that  the  seventh  and  eighth  specimens  cause  a 
distinctly  greater  inhibition  than  the  fourth  (observation  66).  Refer- 
ence to  the  protocol  will  show  that  the  blood  flow  during  collection 
of  the  tenth  sample  was  twice  as  great  as  during  collection  of  the 
fourth.  When  the  seventh  and  eighth  specimens  were  being  obtained 
the  rate  of  blood  flow  was  intermediate  in  amount.  In  figure  16,  the 
effects  of  the  fourth  (observation  64)  and  eleventh  (observation  68) 
adrenal  blood  specimens  are  compared.  A  much  greater  inhibition 
was  produced  by  the  eleventh  than  by  the  fourth  specimen,  which 
was  collected  with  a  blood  flow  nearly  three  times  as  great  as  during 
collection  of  the  eleventh  sample. 
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A  point  of  some  technical  importance  may  be  referred  to  here.     Observations 

63  and  64  were  made  with  the  same  blood  sample  as  observations  65  and  66  (fig. 
15),  in  the  same  dilution,  and  very  near  each  other  in  the  series.  Yet  the  curves 
are  not  suitable  for  comparison,  since  the  increase  of  tone  produced  at  63  is  con- 
siderably greater  than  that  at  65.  Sometimes  a  segment  rather  suddenly  changes 
in  its  sensitiveness  to  the  tone-increasing  action  of  blood,  and  we  have  observed 
that  when  the  augmentation  of  tone  produced  by  a  given  blood  or  serum  is  in- 
creased, the  inhibition  caused  by  a  given  concentration  of  epinephrin  in  blood  or 
serum  is  also  increased.     Thus  the  absolute  amount  of  the  drop  in  the  curve  at 

64  is  greater  than  at  66.  This  phenomenon,  which  does  not  occur  very  frequently, 
does  not  interfere  at  all  with  the  estimation  of  epinephrin  in  blood  samples, 
pro%'ided  the  rule  is  obeyed  that  only  curves  which  can  be  prop)erly  compared 
are  used  for  comparison.  After  washing  the  segment  more  thoroughly  with 
Ringer's  solution  and  allowing  a  longer  interval  before  application  of  the  blood, 
it  began  again  to  give  curves  like  65  and  66,  which  are  comparable  with  the  others 
reproduced  in  figure  15. 

In  figure  17,  are  shown  a  few  of 
the  tracings  taken  with  the  same 
bloods,  but  on  a  segment  from 
another  rabbit.  Again,  of  course, 
observations  in  this  series  cannot 
be  compared  with  observations  on 
the  same  bloods  in  the  series  on  the 
other  segment.  Thus,  observations 
16  (fig.  17)  and  68  (fig.  16)  were 
both  obtained  with  the  eleventh 
adrenal  blood  specimen  and  observa- 
tions 31  (fig  17),  64  (fig.  16)  and  66 
(fig.  15)  with  the  fourth  specimen. 
Observations  18  and  23  (fig.  17) 
were  made  with  the  same  blood 
(the  ninth  adrenal  sample)  and 
on  the  same  intestinal  segment, 
but  the  segment  was  differently 
weighted,  and  they  cannot  be  com-    spectively.    The  bloods  were  diluted 

^^^^j     f ^        4.-i.  -i.-  with  three  volumes  Ringer's  solution. 

pared    for    quantitative    purposes. 

It  is  sometimes  advantageous  after  making  an  epinephrin  assay  on  a 
segment  to  change  the  weight  or  to  change  the  segment  and  to  repeat 
the  assa}'.  Each  curve  in  the  second  series  will  differ  from  the  corre- 
sponding curve  in  the  first.  If  a  new  segment  has  been  taken,  theie 
may  be  no  resemblance  between  the  corresponding  curves  in  the  two 
series,  but  this  will  not  interfere  in  the  least  with  the  comparison  of  tlie 


Fig.  16.  Intestine  tracings.  Bloods 
from  the  same  dog  used  for  figure  15. 
At  6S  and  67  Ringer's  solution  was 
replaced  by  indifferent  (arterial)  blood 
and  this  at  64  and  68  by  the  fourth  and 
eleventh  adrenal  blood  specimens  re- 
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curves  in  one  and  the  same  series,  and  the  relative  position  of  the 
various  blood  samples  as  regards  their  content  of  epinephrin  will  be 
identical  for  the  two  series. 


Fig.  17.  Intestine  tracings.  Bloods  from  the  same  dog  used  for  figures  15  and 
16.  The  intestine  segment  was  from  another  rabbit.  At  15  and  17  Ringer's 
solution  was  replaced  by  indifferent  (jugular)  blood,  and  this  at  16  and  18  re- 
spectively by  the  eleventh  and  ninth  adrenal  blood  specimens.  After  18  the 
weight  was  increased.  At  22  and  30  Ringer's  solution  was  replaced  by  jugular 
blood,  and  this  at  23  and  31  by  the  ninth  and  fourth  adrenal  blood  specimens, 
respectively.    All  the  bloods  were  diluted  with  three  volumes  of  Ringer's  solution. 

SUMMARY 

It  is  shown  that  within  the  limits  of  error  of  the  method  used  for  the 
assay  (rabbit  intestine  and  uterus  segments)  the  concentration  of 
epinephrin  in  the  adrenal  vein  blood  collected  from  a  cava  pocket 
varies  in  different  samples  from  the  same  animal  inversely  as  the  rate 
of  blood  flow  through  the  glands  during  the  period  of  collection,  the 
rate  of  output  of  epinephrin  per  minute  beiiig  constant  under  the 
experimental  conditions  for  a  considerable  rarge  of  blood  flow. 

The  rule  fails,  of  course,  when  the  rate  of  blcod  flow  is  dimiaished 
below  the  value  at  which  the  concentration  of  epinephrin  has  reached 
the  possible  maximum.  For  this  reason  determinations  of  the  rate  of 
spontaneous  liberation  of  epinephrin  by  assays  on  drawn  .adrenal  vein 
blood  should  be  made  on  samples  obtained  with  a  rate  of  flow  well 
above  this  limiting  value. 
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Quantitative  experiments  on  the  liberation  of  epinephrin  from  the 
adrenals  after  section  of  their  nerves,  with  special  refer- 
ence  to   the   question  whether  epinephrin  is 
indispensable  for  the  organism. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
School  of  Medicine,  Western  Reserve  University,  Cleveland.] 

1.  We  showed  in  a  previous  paper^  by  the  blood  pressure  and 
eye  reactions  that  after  section  of  the  nerve  supply  of  the  adrenal 
no  demonstrable  liberation  of  epinephrin  was  present  in  cats  as 
long  as  five  weeks  after  the  nerve  section. 

2.  As  it  is  easier  to  detect  very  small  concentrations  of  epine- 
phrin by  the  rabbit  intestine  and  uterus  segments,  we  have  made 
a  series  of  experiments  (on  7  cats)  in  which  these  tests  were  used 
to  supplement  the  eye  reactions.  In  all  the  animals  one  adrenal 
was  excised  and  the  nerves  of  the  other  cut. 

In  a  cat  tested  two  weeks  after  the  operation,  it  was  shown 
that  the  adrenal  blood  serum  could  not  have  contained  i  :  300,000,- 
000,  or  the  blood  i  :  400,000,000,  of  epinephrin ;  and  that  the 
rate  of  liberation  of  epinephrin  could  not  have  been  at  most 
o.oooooi  mgm.  per  minute  for  one  adrenal.  In  another  cat  three 
weeks  after  the  operation^  the  serum  of  the  adrenal  blood  was 
proved  to  contain  less  than  i  :  400,000,000,  and  the  blood  less 
than  I  :  700,000,000  epinephrin.  The  output  of  epinephrin  per 
minute  could  not  have  been  as  much  as  0.0000009  mgm.  per 
minute,  for  one  adrenal.  The  segments  used  for  the  tests  in  these 
experiments  were  extremely  sensitive,  and  the  limits  of  adrenalin 
concentrations  which  could  be  detected  with  certainty  were  care- 

^  Journal  of  Pharmacology  and  Experimental  Therapeutics,  1916,  VIII,  479. 
*  In  this  animal  after  the  usual  operation  the  left  semilunar  ganglion  and  the 
first  ganglion  of  the  lumbar  sympathetic  chain  below  the  diaphragm  were  excised. 
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fully  determined.  The  eye  reactions  were  negative.  In  these 
two  cats  the  rate  of  liberation  of  epinephrin,  if  any  liberation 
whatever  was  going  on,  must  have  been  several  hundred  times 
less  than  the  rate  in  normal  animals  under  the  same  experimental 
conditions. 

It  is  scarcely  necessary  to  point  out  that  experiments  yielding 
completely  negative  results  indicating  the  absence  of  epinephrin 
with  very  sensitive  test  objects  are  much  more  important  for  the 
questions  studied  than  experiments  in  which  small  amounts  of 
epinephrin  can  still  be  detected.  For  it  is  impossible  to  be  certain 
that  when  a  little  epinephrin  is  found  some  of  the  fibers  concerned 
in  the  liberation  may  not  have  escaped  section. 

3.  Since  these  animals  had  completely  recovered  from  the 
operation  and  behaved  in  every  way  like  normal  animals,  it  must 
be  concluded  that  the  liberation  of  epinephrin  from  the  adrenals 
is  not  indispensable  for  life  or  health,  unless  indeed  the  necessary 
quantity  is,  even  in  the  adrenal  vein  blood,  below  the  limits  of 
detection  by  the  methods  used.  It  must  be  remembered  that 
the  epinephrin  in  the  adrenal  blood  is  diluted  enormously  (prob- 
ably at  least  100  times)  in  the  right  heart;  so  that  in  these  cats 
the  concentration  in  the  arterial  blood  could  not  at  most  have 
reached  i  :  40  billions  and  i  :  70  billions,  respectively. 

If  the  liberation  of  epinephrin  is  abolished  by  division  in  the 
dorsal  cord  of  the  path  concerned  in  it,  as  our  experiments  on 
"Relation  of  the  Spinal  Cord  to  the  Spontaneous  Liberation  of 
Epinephrin"  indicate,  this  corroborates  the  conclusion  that 
epinephrin  is  not  indispensable.  Numerous  animals  and  men 
have  long  survived  such  lesions. 

4.  These  experiments  indicate  that  the  entire  liberation  of 
epinephrin  from  the  adrenals  is  controlled  by  nerves. 

5.  In  a  third  cat  (8  days  after  operation)  the  adrenal  vein 
blood  contained  epinephrin  but  in  concentration  not  exceeding 
I  :  125,000,000.  The  output  of  epinephrin  per  minute  was  prob- 
ably not  more  at  most  than  one-hundredth  of  what  might  be 
expected  in  a  normal  animal. 

6.  In  a  cat  15  weeks  after  the  operation  it  was  doubtful  if  any 
epinephrin  was  present  in  the  adrenal  vein  blood.  In  two  others 
15  weeks  after  operation  eye  reactions  and  segment  tests  showed 
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the  presence  of  a  small  amount  of  epinephrin,  the  rate  of  liberation 
being  a  mere  fraction  of  the  normal.  The  possibility  of  regenera- 
tion of  fibers  after  this  interval  must  be  considered.  In  the 
seventh  cat  (tested  two  weeks  after  the  operation)  the  eye  reac- 
tions were  negative.  The  segment  tests  revealed  a  small  concen- 
tration of  epinephrin  in  the  adrenal  blood  (less  than  i  :  30,000,000) 
corresponding  to  a  rate  of  liberation  of  epinephrin  per  minute 
of  at  most  one  tenth  of  the  normal. 
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It  is  known  that  after  section  of  certain  nerves  the  rate  of  the 
spontaneous  liberation  of  epinephrin  is  greatly  reduced.  This 
is  very  easy  to  demonstrate  in  the  cat  in  acute  experiments  by 
the  method  previously  described  by  us  (1)  (collection  of  adrenal 
vein  blood  in  a  cava  pocket,  and  the  action  of  the  blood  when 
released  in  eUciting  dilatation  of  the  pupil  and  retraction  of  the 
nictitating  membrane  in  the  eye  previously  prepared  by  Melt- 
zer's  procedure,  so  as  to  react  with  great  sensitiveness  to  epi- 
nephrin). After  section  of  the  fibers  coming  to  the  semilunar 
ganghon,  including  the  splanchnics,  or  after  section  of  the  two 
sympathetic  trunks,  including  the  splanchnics,  in  the  thorax 
near  to  the  diaphragm,  the  eye  reactions  are  in  general  no  longer 
obtained,  imless  with  considerably  longer  periods  of  collection 
of  blood  than  were  sufficient  to  elicit  them  strongly  before  the 
nerve  section.  The  rise  of  blood  pressure  associated  A;\'ith  the 
release  of  blood  containing  epinephrin  is  likewise  missing  after 
the  nerves  have  been  severed.  In  survival  experiments  also 
it  was  shown  that  when  the  right  adrenal  was  excised  and  the 
fibers  coming  to  the  left  semilunar  ganglion  cut  the  eye  and 
blood  pressure  reactions  could  no  longer  be  detected.  Since 
cats  survive  this  operation  indefinitely,  and  so  far  as  can  be  seen 
after  recovery-  from  the  operation  in  the  same  health  and  ^^go^ 
as  normal  animals,  the  experiments  obviously  have  a  bearing 
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on  the  question  whether  epinephrin  is  indispensable  to  the 
organism.  It  therefore  becomes  important  to  determine  the 
magnitude  of  the  residual  liberation  of  epinephrin,  if  any,  from 
the  denervated  gland. 

REMARKS    ON   TECHNIQUE — NORMAL   OUTPUT    OF    EPINEPHRIN 

It  is  clear  that  for  this  purpose  everything  depends  upon  the 
delicacy  of  the  reactions  rehed  upon  for  the  detection  and  assay 
of  epinephrin.  We  made  assays  with  the  denervated  eye  and 
blood  pressure  reactions  by  determining  the  amounts  of  adrenalin 
which  must  be  injected  to  give  approximately  the  same  reaction 
as  the  blood  released  from  the  cava  pocket.  WTien  these  re- 
actions were  found  to  be  absent  after  the  nerve  section  the 
amount  of  adrenalin  was  determined  which  could  just  be  de^ 
tected  in  this  way  with  certainty.  An  upper  limit  was  thus  fixed 
to  the  possible  amount  of  the  residual  epinephrin.  In  using 
these  eye  reactions,  however,  the  epinephrin-containing  blood 
is  necessarily  greatly  diluted  before  it  reaches  the  reacting  struc- 
tures. These  observations  have  accordingly  been  supplemented 
by  a  series  of  experiments  in  which  the  blood  was  drawn  off  from 
the  cava  pocket  and  tested  directly  on  rabbit  intestine  and  uterus 
segments.  The  normal  output  of  epinephrin,  under  the  experi- 
mental conditions,  as  assayed  by  the  eye  (and  blood  pressure) 
reactions  in  eight  cats  was  found  to  range  from  0.0008  to  0.0028 
mgm.  per  animal  per  minute  (average,  0.0017  mgm.).  The 
output  per  minute  per  kilo  of  body  weight  ranged  from  0.0003 
to,  0.0008  mgm.  (average  0.0006  mgm.).  The  data  of  six  of 
these  cats  have  already  been  published  in  the  previous  paper,  on 
spontaneous  liberation  of  epinephrin.^  The  observations  on  the 
remaining  two  are  given  in  table  1. 

In  ten  normal  cats  taken  at  random  from  the  stock  the  assays 
of  the  spontaneously  liberated  epinephrin  by  direct  application 
of  the  adrenal  blood  to  rabbit  intestine  and  uterus  segments 

1  Journ.  Pharm.  Exp.  Ther.,  1916,  viii,  table  8,  p.  500.  The  opportunity  may  be 
taken  to  correct  an  error  in  table  8.  The  concentrations  of  epinephrin  given  in 
the  last  column  of  the  table  should  be  deleted. 
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T.\BLE  1 


BODY 
WEIGHT   ' 

WEIGHT 

OF 

ADRENALS 

DURATION 

OF 

POCKET 

AMOUNT   OF   ADRENALIN 

EPINEPHRIN 

OF  CAT 

INJECTED 

Per  animal 
per  minute 

Per  kilo, 
per  minute 

85 
86 

kgm. 

3.16 
2.875 

grams 

0.422 
0.680 

seconds 

60 
30 
120 
60 
15 
60 
15 

0.5  CC.    1 

+0.5  cc.  1 
+0.5  cc.  1 
-0.5  cje.  1 
+0.5  cc.  1 
0.5  cc.  1 
+0.5  cc.  1 

500,000 

1,000,000 

250,000. 

250,000 

1,000,000 

250,000 

1,000,000 

mgm. 

0.001 

0.001+ 

0.001+ 

0.002- 

0.002+ 

0.002 

0.002+ 

mgm. 

0.0003 

0.0003+ 

0.0003+ 

0.0007- 

0.0007+ 

0.0007 

0.0007+ 

In  cat  85,  the  renal,  coeliac  and  mesenteric  arteries  and  the  abdominal  aorta 
were  tied;  in  cat  86,  only  the  renals  and  abdominal  aorta.  The  sign  +  or  —  before 
the  amount  of  adrenalin  injected,  indicates  that  a  little  more  or  a  little  less  would 
have  been  necessary  to  give  a  reaction  equal  to  that  produced  by  the  blood  in  the 
corresponding  cava  pocket.  The  adrenalin  solutions  were  made  up  in  0.9  per 
cent  sodium  chloride  solution  and  were  washed  in  with  sodium  chloride  solution 
from  a  small  burette.     The  stock  adrenalin  was  always  assayed,  i       -ffitj^*  "3i| 


gave  an  output  per  minute  per  animal  ranging  from  0.0004  to 
0.001  mgm.  (average,  0.00065  mgm.);  and  an  output  per  kilo  of 
animal  per  minute,  ranging  from  0.0002  to  0.00045  mgm.  (aver- 
age, 0.00025  mgm).  The  details  are  given  in  table  2.  As  will 
be  seen,  the  results  in  the  different  animals  vary  surprisingly 
little.  The  same  is  true  for  the  different  animals  examined  by 
the  eye  reactions.  It  is,  therefore,  a  striking  fact  that  on  the 
average  only  about  half  as  much  epinephrin  is  estimated  by  the 
rabbit  segments  as  by  the  eye  reactions.  It  is  quite  impossible 
to  explain  this  difference  as  due  to  accidental  variations  in  the 
rate  of  output  in  the  animals  of  the  two  series.  It  must,  there- 
fore, be  concluded  that  some  of  the  epinephrin  is  lost  when  the 
adrenal  vein  blood  is  drawn,  in  the  interval  which  necessarily 
■  elapses,  and  under  the  manipulations  which  the  blood  necessarily 
imdergoes  before  it  is  applied  to  the  segments. 

There  is  another  reason  for  the  deficiency  in  the  assays  on  the  drawn 
blood,  although  this  has  been  eliminated  as  far  as  possible  in  the  ob- 
servations comprised  in  the  Table  bj'  choosing  for  the  assay  only 
samples  collected  while  the  blood  flow  was  good.  We  have  found 
abundant  evidence  that  no  matter  how  slow  the  flow  through  the  adre- 
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TABLE  2 


BLOOD  FLOW 

EPINEPHRIN 

NTJM- 

BODY 
WEIGHT 

WEIGHT 
OF  AD- 
RENALS 

RENAI- 
BLOOD 
SAMPLE 

KPINEPHRIN 
CONCENTRATION 

BBSOF 
CAT 

Grams 

In  minutes  and 
seconds 

Gms. 

per 

mmute 

Per  ani- 
mal per 
minute 

Per  kilo 
per  min- 
ute 

kgm. 

grama 

minutes 

seconds 

mgm. 

mgm. 

64 

2.425 

0.390 

1 

0.9 

20 

2.7 

2 

1.9 

1 

30 

1.3 

1:2,000,000 

0.0006 

0.00025 

3 

2.6 

2 

10 

1.3 

1 :  2,000,000 

0.0006 

0.00025 

4 

4.3 

3 

20 

1.3 

1 :  2,000,000 

0.0006 

0.00025 

5 

3.3 

3 

1.1 

6 

4.0 

4 

1.0 

63 

3.41 

0.550 

1 

2.0 

55 

2.2 

2 

2.9 

1 

15 

2.3 

1 :  2,000,000 

0.001 

0.0003 

3 

3.1 

1 

20 

2.4 

4 

3.3 

1 

45 

1.9 

1 : 2,000,000 

0.001 

0.0003 

5 

4.0 

2 

5 

2.0 

1:2,000,000 

0.001 

0.0003 

6 

3.2 

2 

1.6 

7 

2.0 

1 

2.0 

8 

6.5 

4 

25 

1.5 

66 

2.035 

0.338 

1 

2.5 

1 

2.5 

2 

4.5 

2 

2.2 

1 :  2,500,000 

0.0009 

0.00045 

3 

3.6 

2 

45 

1.3 

1:1,500,000 

0.0009 

0.00045 

4 

2.5 

3 

30 

0.7 

5 

1.7 

4 

0.4 

1:1,000,000 

0.0004 

0.0002 

67 

2.31 

0.440 

1 

2.0 

20 

6.0 

2 

10.2 

2 

5.0 

1:13,000,000 

0.0004 

0.0002 

81 

1.98 

0.396 

1 
2 

3.6 
9.9 

1 
5 

20 

2.8 
2.0 

^ 

3 

6.8 

6 

1.13 

1 :  2,200,000 

0.0005 

0.00025 

4 

3.0 

4 

30 

0.66 

82 

2.66 

0.300 

1 

5.3 

2 

30 

2.1 

2 

8.3 

4 

2.1 

1 :  4,500,000 

0.0005 

0.0002 

3 

9.0 

5 

1.8 

4 

8.8 

6 

1.5 

5 

6.9 

7 

1.0 

1 :  2,300,000 

0.00045 

0.0002 

6 

4.5 

8 

0.56 

83 

3.03 

0.360 

1 

4.7 

2 

2.3 

2 

7.8 

4 

1.9 

1:3,200,000 

0.0006 

0.0002 

3 

10.1 

6 

1.7 

4 

9.8 

8 

1.2 

1 :  2,000,000 

0.0006 

0.0002 

5 

3.5 

9 

0.4 
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r.\BLE  2— Continued. 

BLOOD  FLOW 

EPINEPHRIN 

MUM- 

BODT 
WEIGHT 

WEIGHT 
OF  AI>- 
BENAIS 

RENAL 
BLOOD 
SAMPLE 

EPIXEPHBIX 
CONCENTRATION 

BCKOF 
CAT 

Grams 

In  minutes  and 
seconds 

Gms. 

per 

minute 

Per  ani- 
mal per 
minute 

per  kilo 
per  min- 
ute 

kgm.       grams 

minutes 

second* 

mgm. 

ffl^Yfl. 

84 

2.97oi  0.580 

1 

5.2 

2 

2.6 

i 

2 

9.3 

4 

2.3 

1:4,000,000 

0.0006 

0.0002 

3 

11.6 

5 

2.3 

1:4,000,000 

0.0006 

0.0002 

4 

10.6 

5 

2.1 

5 

11.1 

6 

1.8 

1:2,700,000 

0.0007 

0.00025 

6 

5.7 

10 

0.5 

85 

3.16 

0.422 

1 

3.6 

2 

1.8 

2 

5.2 

4 

1.30 

1:1,700,000 

0.0008 

0.00025 

3 

7.3 

10 

0.73 

1:1,000.000 

0.0007 

0.0002 

1 

4 

1.6 

8 

30 

0.2 

86 

2.875J  0.680 

1 

3.8 

4 

0.95 

i   ■ 

2 

4.7 

8_ 

0.6 

1:1,500,000 

0.0004 

0.00015 

! 

1 

3 

1.6 

4 

0.4 

In  all  the  cats  except  84  and  86  all  the  arteries  (renal,  coeliac,  mesenteric  and 
abdominal  aorta)  were  tied.  In  84  and  86  the  coeliac  and  mesenteric  arteries 
were  not  tied.  All  the  cats  except  65  were  anesthetized  with  urethane.  Cat  65 
was  rendered  insensitive  by  increased  intracranial  pressure.  In  cat  64.  in  addi- 
tion to  urethane  anesthesia,  the  intracranial  pressure  was  increased.  In  cat  67 
the  unusually  low  concentration  of  epinephrin  was  associated  with  an  exception- 
ally large  blood  flow,  but  no  unligated  small  vein  could  be  found. 

nals  may  be,  the  concentration  of  epinephrin  in  the  blood  of  the  adrenal 
veins  (in  cats)  cannot  rise  beyond  a  certain  maximmn  (not  ver\'  far 
from  1 : 1,000,000  as  assayed  by  rabbit  segments).  When  this  maximmn 
has  once  been  reached  fmlher  diminution  of  the  rate  of  blood  flow 
necessarily  leads  to  a  diminished  output  per  minute.  WTien  the  blood 
flow  is  free,  and  the  concentration  well  below  this  limiting  value,  it 
can  be  proved  that  within  a  wide  range  the  rate  of  flow  and  the  con- 
centration of  epinephrin  varj^  inversely,  the  rate  of  liberation  of  the 
epinephrin  per  minute  remaining  constant.  Since  when  blood  is 
drawn  off  from  a  cannula  in  the  cava  pocket  the  rate  of  flow  is  nearly 
always  diminished  to  some  extent,  as  compared  with  the  rate  of  flow 
in  the  eye  observations,  which  do  not  entail  the  drawing  off  of  blood, 
the  output  as  estimated  from  the  epinephrin  content  in  the  drawn  blood 
may  easily  be  below  the  true  value  unless  samples  collected  with  a 
sufficient  blood  flow  are  used  for  the  assay. 
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The  fact  that  the  earher  adrenal  specimens  usually  have  a 
smaller  concentration  than  the  later  ones,  associated  with  gradual 
decline  in  the  rate  of  blood  flow,  indicates  that  the  cause  of  the 
smaller  output  per  minute  estimated  on  intestine  and  uterus 
segments  in  shed  adrenal  blood,  as  compared  with  the  output 
determined  by  the  eye  and  blood  pressure  reactions  without 
drawing  blood,  is  not  the  loss  of  epinephrin  withdrawn  from  the 
circulation.  For  the  effect  of  epinephrin  already  circulating 
in  the  blood,  if  any  appreciable  amount  at  all  were  present  in  the 
general  blood,  ought  to  be  most  marked  in  the  first  specimens. 

In  two  experiments  (cats  85  and  86,  tables  1  and  2)  the  epi- 
nephrin output  was  estimated  both  by  the  eye  reactions  and  in 
the  drawn  adrenal  blood  by  the  rabbit  segments.  In  cat  85, 
in  which  the  output,  as  determined  by  the  eye  reactions,  was  of 
fair  average  magnitude,  0.001  mgm.  per  minute,  the  adrenal 
blood  assays  yielded  values  not  very  far  inferior,  namely,  0.0008 
and  0.0007  mgm.  in  two  samples.  The  blood  flows,  while  the 
adrenal  samples  were  being  collected,  were  fairly  good;  although 
probably  below  the  flow  while  the  eye  reactions  were  being 
observed.  In  cat  86,  on  the  other  hand,  in  which  the  output 
as  determined  by  the  eye  reactions,  was  very  good,  0.002  mgm. 
per  minute,  the  deficiency  in  the  assays  of  the  adrenal  blood  on 
the  intestine  segments  wa^  very  considerable;  and  the  blood 
flow  during  collection  of  the  samples  was  rather  poor — probably 
much  less  than  during  the  testing  by  the  eye  reactions.  It  is 
obvious,  then,  that  if  the  question  whether  the  output  in  an 
animal  is  below  the  normal  range  or  not  is  being  considered,  it 
will  not  do  to  compare  assays  made  by  the  one  method  with 
assays  made  by  the  other;  at  any  rate,  unless  the  differences 
are  considerable.  Fortunately  for  our  purpose,  the  reduction 
in  the  epinephrin  output  by  section  of  the  adrenal  nerves  is  so 
enormous  that  it  makes  not  the  shghtest  difference  whether  we 
compare  the  residual  liberation  with  normal  values  obtained  by 
the  eye  (and  blood  pressure)  reactions  or  by  the  rabbit  segments. 

Before  proceeding  to  the  consideration  of  the  experiments,  it 
may  be  well  to  point  out  that  as  regards  the  question  of  a  residual 
secretion  of  epinephrin  by  the  adrenals  after  all  the  secretory 
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nerve  fibers  have  been  cut,  as  far  as  is  possible,  negative  results 
are  much  more  important  than  positive  ones,  always  p^o^'ided 
that  the  negative  results  have  been  obtained  on  test  objects 
of  the  highest  degree  of  sensitiveness.  For  while  the  course  of 
the  bulk  of  the  secret or>^  fibers  has  been  ascertained,  and  they 
can  be  easily  severed,  it  is  impossible  to  be  sure  in  any  given 
operation  that  some  have  not  escaped.^ 

Apart  from  the  surgical  risks,  it  is  undesirable  in  acute  experiments 
to  go  around  the  glands  with  an  instrument,  since  not  only  is  the 
l\Tnph  flow  thus  necessarilj'  interfered  with,  but  the  chance  of  causing 
liberation  of  epinephrin  by  massage  is  great.  Even  then  it  would  be 
impossible  to  be  sure  that  some  of  the  fibers  in  question  did  not  pass  in 
along  the  blood  vessels.  In  sur\'ival  experiments,  although  the  effect 
of  massage  would  introduce  no  error,  the  glands  would  be  liable  to  be 
affected  by  adhesions  as  well  as  by  interference  with  the  hTnphatics,  if 
the  tissues  in  their  immediate  neighborhood  were  freely  di\'ided. 

Another  reason  why  experiments  yielding  well  determined  negative 
results  with  very  sensitive  test  objects  must  for  our  problem  carry 
greater  weight  than  experiments  in  which  small  quantities  of  epinephrin 
are  still  found  in  the  adrenal  blood,  even  after  extensive  nerve  sections, 
is  that  the  necessary  manipulations  in  obtaining  the  blood,  the  exposure 
of  the  glands  and  the  possible  disturbance  of  the  circulation  in  them, 
might  cause  a  small  amount  of  the  epinephrin,  known  to  be  present  in 
the  glands  in  not  less  than  normal  amount,  to  escape  into  the  blood. 
This  remark  is  not  intended  to  imply  that  when  due  precautions  are 
taken,  it  is  difficult  to  avoid  the  liberation  of  epinephrin  in  appreciable 
amounts  in  the  absence  of  the  secretory  nerves.  On  the  contrary,  we 
have  never  had  any  reason  to  suspect  that  when  epinephrin  was  found 
in  any  of  the  adrenal  blood  samples,  except  perhaps  in  the  first  small 
sample,  it  had  not  been  Uberated  m  the  normal  way.  Even  in  the 
preliminary'  sample,  always  collected  apart  with  the  object  of  allowing 
any  epinephrin  already  present  in  the  adrenal  capillaries  or  in  the  cava 
pocket  itself  to  be  washed  out,  and  which  not  quite  accm-ately  we  fell 

*  Elliott,  Journ.  Physiol.,  1912,  xliv,  374,  has  shown  that  section  of  the  pre- 
ganglionic fibers  of  the  semilunar  ganglion,  including  the  splanchnics,  prevents 
exhaustion  of  the  store  of  epinephrin  under  the  influence  of  various  conditions. 
He  made  no  experiments  on  the  question  whether  after  this  operation  the  libera- 
tion of  epinephrin  is  suppressed,  and  assumes,  indeed,  that  "ultimately"  it 'is 
resumed,  since  "the  decentralized  gland  suflBces  to  keep  the  animal  alive." 
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into  the  habit  of  speaking  of  as  the  "manipulation  sample,"  we  gener- 
ally found  no  more  epinephrin  than  in  succeeding  samples;  sometimes, 
indeed,  less,  on  account  of  a  certain  amount  of  ordinary  cava  blood 
being  retained  in  the  pocket  as  it  was  being  closed  off. 

It  may  be  further  remarked  that  as  between  the  acute  and 
the  survival  experiments  greater  weight  should  be  attached  to 
the  latter,  when  the  absolute  amount  of  any  residual  epinephrin 
liberation  is  in  question.  The  acute  experiments  were  made 
mainly  to  get  a  general  idea  of  the  immediate  diminution  in  the 
rate  of  liberation  when  the  nerves  were  severed.  It  w^as  desired 
also  to  see  the  effect  of  piece-meal  sectioning  of  the  nerve  supply. 
It  was  recognized,  however,  that  although  a  marked  immediate 
diminution  in  the  output  was  to  be  looked  for,  the  full  effect 
might  not  be  expressed  in  the  epinephrin  content  of  the  adrenal 
vein  blood  collected  during  a  short  experiment.  Apart  alto- 
gether from  the  possibility  that  some  irritation  of  the  cut  nerves 
might  persist,  there  was  the  possibility  that  epinephrin  already 
in  the  adrenal  capillaries  might  continue  to  be  washed  out  in 
small  quantities  for  some  time;  or  even  that  a  certain  amount  of 
epinephrin  not  yet  actually  in  the  blood  might  be  in  such  a 
situation,  or  perhaps  in  such  a  combination,  at  the  moment  of 
section  of  the  nerves  that  it  could  migrate  into  the  blood  stream 
in  the  next  few  minutes  without  the  influence  of  nerves. 

Finally,  it  must  not  be  forgotten  that  minor  differences  in  the  inner- 
vation may  occur  in  different  individuals,  so  that  a  nerve  section  which 
in  one  cat  brings  the  epinephrin  output  below  the  threshold  of  detect- 
abiUty,  say  by  the  eye  reactions,  need  not  do  so  in  the  case  of  another 
cat.  We  have  given  illustrations  of  this  in  a  previous  paper  (2).  In 
this  question  there  is  involved,  of  course,  not  merely  the  possibility  of 
shght  anatomical  variations;  but  also  the  known  variability  in  sensitive- 
ness of  the  test  objects,  and  the  degree  of  activity  of  the  gland  at  the 
moment  of  section  of  the  nerves.  If  a  relatively  large  liberation  were 
going  on  at  that  moment  it  is  conceivable  that  a  small  number  of  fibers 
remaining  uncut  might  sustain  a  detectable  output,  whereas  with  a 
gland  less  responsive  to  its  innervation  the  same  fraction  of  the  total 
number  of  fibers  might  be  unable  to  do  so.  The  possibility  must  also 
be  taken  into  account  that  a  small  strand  might  be  overlooked  in  one 
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operation  which  was  cut  in  another,  a  risk,  of  course,  present  especially 
in  the  survival  experiments  where  aseptic  operations  had  to  be  per- 
formed, although  the  large  number  of  times  the  main  operation  had 
been  previously  done  greatly  reduced  this  risk.  The  remarkable 
agreement  in  the  general  result  of  the  survival  experiments  shows  that 
any  variation  due  to  this  factor  cannot  have  been  great. 

ACUTE   EXPERIMENTS 

Three  such  experiments  were  made  on  eats  and  two  on  dogs. 
The  nerve  supply  of  the  adrenals,  at  least  the  path  of  the  fibers 
whose  section  protects  the  epinephrin  store,  and  of  those  whose 
stimulation  increases  the  epinephrin  hberation,  has  been  more 
completely  studied  in  the  cat  than  in  the  dog.  The  experiments 
on  cats  are  therefore  more  valuable  for  the  determination  of  the 
question  how  far  a  complete  section  of  the  nerves  affects  the  rate 
of  hberation. 

Experiment    1.     Condensed  protocol.     Cat.     Weight,  2.7  kgm. 
10.30  a.m.     3  grams  urethane. 
12.05  p.m.     Collected  specimen  of  jugular  blood;  tied  off  cava  pocket, 

also  renal,  coeliac  and  mesenteric  arteries. 
12.55  p.m.     Began  collection  of  adrenal  samples  as  follows: 


NUMBER  OF    ADRENAL 
SPECIMEN 

BLOOD    COLLECTED 

TIME   OF  COLLECTION 

BLOOD   FLOW    PER 
MINUTE 

fframs 

minutes 

seconds 

Iframs 

1 

3.0 

2 

43 

1.1 

2 

2.5 

3 

25 

0.73 

3 

2.7- 

3 

25 

0.79 

4 

1.8 

/ 

0.26 

Both  sympathetics  in  the  thorax  were  cut  at  the  end  of  collection  of 
the  second  blood  specimen  just  at  the  origin  of  the  splanchnics  below 
the  thirteenth  rib.  The  nerves  had  been  isolated  on  loose  ligatures 
before  collection  of  adrenal  blood  was  begun.  Combined  weight  of 
adrenals,  0.392  gram. 

It  is  evident  from  figure  1,  that  the  first  adrenal  blood  specimen 
(observation  3),  collected  before  section  of  the  sympathetics, 
contained  a  much  greater  concentration  of  epinephrin  than  the 
fourth  specimen   (observation  7),   collected  after  the  section. 
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The  same  thing  was  shown  by  comparison  of  the  second  specimen 
(collected  before  the  nerve  section)  with  the  third  specimen, 
collected  immediately  after  the  section.  As  this  experiment 
was  intended  to  be  mainly  a  prehminary  quaUtative  one,  no 
very  exact  assay  of  the  epinephrin  concentration  was  made 
on  the  intestine  segments.  However,  it  was  found  that  even  the 
fourth  sample,  which  on  account  of  the  slow  flow  would  normally 
have  been  rich  in  epinephrin,  had  a  concentration  much  less 


Fig.  1.  Intestine  Tracings.    Bloods  from  Cat  Anesthetized  with  Urethane 

At  H  Ringer  was  replaced  by  indifferent  (jugular)  blood;  and  this  at  3  by  the 
first  adrenal  blood  specimen  (collected  before  section  of  sympathetics).  At  6 
Ringer  was  replaced  by  jugular  blood  and  this  at  7  by  the  fourth  adrenal  speci- 
men (collected  after  section  of  the  sympathetics).  All  the  bloods  were  diluted 
with  an  equal  volume  of  Ringer.  As  in  all  the  figures,  time  is  marked  in  half 
minutes.     (Reduced  to  one-half.) 

than  1 :  24,000,000,  and  that  the  rate  of  Uberation  of  epinephrin 
per  minute  after  section  of  the  nerves  must  have  been  much  less 
than  one-thirtieth  of  its  original  amount. 

Experiment  1  accordingly  shows  that  section  of  the  two 
sympathetic  trunks  at  the  origin  of  the  major  splanchnics  re- 
duced to  a  small  fraction  of  its  previous  amount  the  output  of 
epinephrin,  which,  however,  was  not  abohshed. 
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Experiment    2.     Condensed    protocol.     Cat.    Weight,    2.64    kgm. 
Left  superior  cer\dcal  ganglion  excised  eighteen  days  before  experiment. 
Condition  excellent. 
11.00  a.m.    4  grams  m*ethane. 
12.45  p.m.     Obtained  jugular  blood.     From  1.00  p.m.  to  1.25  p.m., 

completed  cava  pocket,  tymg  abdominal  aorta  below 

renal  arteries. 


DURATION  OF 

PUPIL   DILATATION 

NaCTITATING   MEM- 

POCKET 

AFTER 

BRANE 

1 

i 

minutes 

seconds 

seconds 

seconds 

1.30 

1 

Pocket  experiment.. 
Nerves  coming  to 
both       semilunar 
ganglia  cut 

1 

Very  good,  6.4 

Very  good,  6.4 

1.50 

Pocket  experiment.. 

1 

10 

No 

No 

1.53 

Pocket  experiment. . 

2 

10 

^No 

Slight,  11 

2.04 

Both  semilunar  gan- 
glia excised 

,.\M 

2.10 

Pocket  experiment. . 

4 

Small,  10.2 

Small,  10.2 

2.20 

Lumbar  sympathet- 
ic cut  below  dia- 
phragm  

2.40 

Pocket  experiment. . 

4 

Small,  18.6 

Small 

2.51 

Cut        sympathetic 
trunks  in  thorax  at 
origin  of  splanch- 

nics 

4 

30 

No 

2.55 

Pocket  experiment. . 

Slight 

3.10 

Pocket  experiment. . 

4 

30 

Very  slight  20.4 

Very  slight,  20.4 

3.13  p.m.  Began  collection  of  adrenal  blood  from  pocket.  Flow 
very  slow.  During  fifteen  minutes  only  about  0.5  cc.  collected.  Then 
clotting  occurred  and  by  removing  the  clots  from  time  to  time  another 
0.5  cc.  was  obtained. 

This  experiment  shows  that  after  section  of  the  preganglionic 
fibers  coming  to  the  semilunar  ganglion  on  both  sides^  slight 
eye  reactions  for  epinephrin  were  still  obtained.  But  even 
with  a  longer  time  of  collection  of  blood  in  the  cava  pocket  the 
reactions  were  much  reduced.  That  is  to  say,  the  rate  of  hbera- 
tion  of  epinephrin  was  markedly  diminished.  After  excision  of 
both  semilunar  ganglia  and  consequent  di\ision  of  any  strands 
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which  might  have  escaped  section  before,  the  time  of  collection 
had  to  be  still  further  increased  to  give  a  noticeable  reaction. 
Section  of  the  lumbar  sympathetic  chain,  one  ganglion  below 
the  diaphragm,  caused  no  further  alteration  in  the  reaction. 
When  both  sympathetics  were  now  divided  in  the  thorax,  a 
very  slight  eye  reaction  was  still  elicited  with  a  long  period  of 
collection. 


Fig.  2.  Intestine  Tracings.    Bloods  from  Cat  Anesthetized  with  Urethane 

At  7  Ringer  was  replaced  by  jugular  blood,  and  this  at  8  by  an  adrenal  blood 
specimen  collected  with  very  slow  blood  flow  after  section  of  nerves  to  both  semi- 
lunar ganglia  and  section  of  sympathetics  in  thorax.  At  11  Ringer  was  replaced 
by  jugular  blood,  and  this  at  12  by  blood  containing  1: 1,600,000  added  adrenalin. 
All  the  bloods  were  diluted  with  three  volumes  Ringer  before  application  to  the 
segments.     (Reduced  to  two-thirds.) 

A  sample  of  blood  obtained  from  the  cava  pocket  after  section 
of  all  these  nerves  contained  much  less  than  1  :  1,660,000  of 
epinephrin  (fig.  2).  The  adrenalin  assay  on  intestine  segments 
showed  further  that  the  concentration  in  this  blood  was  less 
than  1:3,300,000,  but  more  than  1:5,000,000.  The  flow  was 
very  slow  when  the  blood  was  being  collected,  doubtless  much 
slower  than  when  the  eye  observations  were  being  made.  In  the 
cat  with  intact  nerves,  a  considerably  greater  concentration 
would  be  expected  with  such  a  small  flow.     Even  if  none  of  the 
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epinephrin  in  the  blood  was  due  to  ''manipulation,"  the  rate  of 
Uberation  must  have  been  reduced  by  the  nerve  section,  probably 
to  one-fiftieth  of  its  normal  amount,  as  estimated  on  intestine 
segments.  The  rate  of  hberation  per  minute  does  not  vary 
much  in  the  course  of  an  experiment,  even  when  the  blood  flow 
diminishes,'  so  long  as  the  concentration  is  well  below  the  possible 
maximum,  as  in  this  case,  increased  concentration  compensating 
for  lessened  flow. 

Experiment    3.     Condensed    protocol.     Cat.     Weight,    1.41    kgm. 
Left  superior  cervical  ganglion  excised  three  weeks  before  the  experi- 
ment.    Condition  excellent. 
11.20  a.m.     3  grams  urethane. 
12.45  p.m.     Inserted  tracheal  cannula  and  made  cava  pocket,  tying 

off  renal  arteries  and  abdominal  aorta  below  renals. 

The    left    nictitating    was    retracted,    and  nictitating 

reactions  could  not  be  used. 


mi* 

■ 

DURATION-  or  POCKET 

PUPIL   DILATATION 
.'^TTEK 

1.20 

Pocket  experiment 

minutes 
1 

2 
2 

2 

3 

seconds 

10 

seconds 

Good  6  8 

1.22 

Pocket  experiment  with  left  ad- 
renal vein  clipped 

Good  7.4 

1.30 
1.37 

Right  sympathetic  in  thorax  cut 

at  origin  of  splanchnic 
Pocket  experiment;  left  adrenal 

vein  clipped 

• 

No 

1.42 
1.43 

Left  sympathetic  cut  in  thorax 
one  ganglion  above  splanchnic 
origin. 

Pocket  experiment 

Xo 

1.46 

Pocket  experiment 

No 

Inserted  cannula  into  right  iUac  vein,  and  collected  adrenal  blood: 
First  specimen,  1  gram  in  16.5  minutes  (0.06  gram  per  minute) ;  second 
specimen,  1.4  grams  in  35  minutes  (0.04  gram  per  minute) .  The  blood 
flow  was  very  slow.  While  these  specimens  were  being  collected,  a 
specimen  of  jugular  blood  was  obtained.  After  collection  of  the 
adrenal  blood  a  specimen  of  arterial  blood  was  got  from  the  abdominal 
aorta,  with  the  cava  pocket  still  closed.  Combined  weight  of  adrenals, 
0.31  gram. 
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In  this  experiment,  the  eye  reaction  could  no  longer  be  eUcited 
after  section  of  both  sympathetic  trunks,  including  the  major 
and  minor  splanchnics  in  the  thorax.  Adrenal  vein  blood 
collected  after  the  nerves  had  been  severed  showed  a  concen- 
tration of  epinephrin  by  rabbit  intestine  segment  tests  of  not 
more  than  1 : 1,500,000.  As  the  flow  was  extremely  slow  (0.05 
gram  per  minute,  or  one-twentieth  of  an  ordinary  flow),  the 
relatively  high  rate  of  concentration  is  what  would  be  expected 
so  long  as  any  appreciable  amount  of  epinephrin  was  being  given 
off.  The  rate  of  liberation,  however,  after  the  nerve  section 
was  only  one-tenth  to  one-twentieth  of  the  normal  rate  (about 
0.00003  mgm.  per  minute,  or  0.00002  mgm.  per  kilo  per  minute) 
(see  table  2) .  The  epinephrin  assay  in  this  experiment  was  not 
entirely  satisfactory,  because  there  was  reason  to  beUeve  from 
the  uterus  tests  that  a  part  of  the  inhibition  of  the  intestine 
segment  was  due  to  some  other  substance  than  epinephrin.  It 
is  known  that  sometimes  in  asphyxia  such  a  substance  appears 
in  venous  blood,  and  even  in  arterial  blood;  and  its  appearance 
in  this  experiment  might  have  been  associated  with  the  very 
small  blood  flow  at  the  time  of  collection  of  the  adrenal  specimens. 
If  this  was  the  case  the  reduction  in  the  rate  of  epinephrin  output 
must  have  been  even  greater  than  the  calculated  reduction.  On 
the  other  hand,  since  as  already  pointed  out  there  is  a  hmit  of 
epinephrin  concentration  not  very  far  above  that  found  in  the 
adrenal  blood  in  this  case,  and  which  is  never  exceeded  in  our 
experience  no  matter  how  small  the  rate  of  blood  flow  may  be, 
the  question  may  fairly  be  asked  whether  with  extremely  small 
flows  it  is  legitimate  to  assume  that  the  gland  is  Uberating  as 
much  epinephrin  in  response  to  the  residual  innervation  as  it 
would  have  done  had  the  flow  been  larger.  As  regards  our  main 
conclusion,  however,  this  objection  has  no  weight.  For  not  only 
were  the  pupil  reactions  aboUshed  in  this  experiment  by  the 
nerve  sections  at  a  time  when  the  blood  flow  was  good,  although 
quite  strongly  elicited  before  the  nerves  were  cut;  but  what  is 
more  important  exceedingly  small  blood  flows  were  found  associ- 
ated in  some  of  the  survival  experiments  either  with  remarkably 
low  concentrations  of  epinephrin,  as  determined  by  the  segment 
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tests,  or  with  a  complete  absence  of  epinephrin  in  detectable 
amount. 

Although  there  was  no  reason  to  assume  that  the  small  residual 
output  of  epinephrin  in  these  acute  experiments  was  due  to 
anything  else  than  some  small  uncut  remnant  of  nerve  fibers,  two 
acute  experiments  were  made  on  dogs  in  order  to  take  advantage 
of  the  larger  blood  flow  through  the  adrenals,  which  might  be 
expected  to  wash  out  more  thoroughly  any  epinephrin  already 
liberated  before  the  various  nerve  sections.  As  already  stated, 
however,  this  advantage  was  counterbalanced  by  the  less  pre- 
cise knowledge  of  the  nerve  paths  in  the  dog;  and  although  the 
ner^'e  sections  practiced  reduced  the  rate  of  hberation  of  epi- 
nephrin to  a  mere  fraction^of  its  initial  amount,  a  substantial 
residual  output  remained.      * 

Experiment    4-     Condensed    protocol.     Dog.     Weight,    7.75    kgm. 

Anesthetized  with  ether. 
9.10  a.m.  Tracheal  cannula  iaserted.  Specimen  of  jugular  blood 
obtained.  Right  adrenal  gland  excised.  Cava  pocket 
made  with  a  cannula  in  each  iliac  vein.  The  following 
specimens  of  adrenal  blood  were  obtained  through  the 
right  iUac  cannula:  First  adrenal  specimen,  5  grams  in 
1  minute,  30  seconds  (3.4  grams  per  minute);  second 
specimen,  7.2  grams  in  2  minutes,  16  seconds  (3.2  grams 
per  minute). 

10.15  a.m.  Cut  left  major  and  minor  splanchnics  in  abdomen; dis- 
sected around  left  adrenal,  cutting  nerve  connections; 
excised  three  lumbar  s>Tnpathetic  ganglia,  including 
chain  from  diaphragm  downward.  Then  collected 
through  left  iliac  cannula  the  following  adrenal  blood 
specimens:  Thii'd  adrenal  specimen,  4.3  grams  in  5 
minutes,  10  seconds  (0.8  gram  per  minute);  fourth 
specimen,  3.0  grams  in  6  minutes,  30  seconds  (0.5  gram 
per  minute).  Pulled  out  clot  from  cannula  and  flow 
improved.  Collected  the  following  specimens:  Fifth 
adrenal  specimen,  5.0  grams  in  4  minutes,  10  seconds 
(1.2  grams  per  minute);  sixth  specimen  (6.5  grams 
in  6  minutes  (1.1  grams  per  minute);  seventh  specimen, 
4.5  grams  in  4  minutes  (1.1  grams  per  minute);  eighth 
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specimen,  3,5  grams  in  4  minutes,  30  seconds  (0.9  gram 
per  minute).  During  the  latter  part  of  the  collection 
of  the  eighth  specimen,  the  left  sympathetic  was  cut  in 
the  thorax  at  origin  of  the  splanchnics.  The  following 
adrenal  blood  specimens  were  then  collected:  Ninth 
specimen,  4.8  grams  in  4  minutes,  30  seconds  (1.1  grams 
per  minute);  tenth  specimen,  3.8  grams  in  8  minutes 
(0.5  gram  per  minute).  Arterial  blood  was  now  ob- 
tained from  the  abdominal  aorta,  the  cava  pocket 
being  still  closed  off. 

The  rabbit  segment  tests  showed  that  the  concentration  of 
epinephrin   in   the   adrenal   blood   collected   before   the  nerve 


Fig.  3.  Intestine  Tracings.    Bloods  from  Dog  Anesthetized  with  Ether, 
AND  with  Right  Adrenal  Excised 

At  4  Ringer  was  replaced  by  indifferent  (jugular)  blood,  and  this  at  5  by  the 
second  adrenal  specimen  (collected  before  section  of  nerves).  At  6  Ringer  was 
replaced  by  jugular  blood,  and  this  at  7  by  the  sixth  adrenal  specimen  (collected 
after  denervation  of  the  left  adrenal).  The  bloods  were  diluted  with  an  equal 
volume  of  Ringer.     (Reduced  to  two-thirds.) 

sections  was  decidedly  greater  than  in  the  blood  collected  after 
the  nerve  sections  (figs.  3  to  5).  Some  of  the  tracings  taken 
for  assaying  the  amount  of  epinephrin  in  adrenal  samples  before 
and  after  division  of  the  nerves  are  reproduced  in  figures  4  and  5. 
The  concentration  in  the  second  sample  (fig.  3,  observation  5) 
is  less  than  1 : 5,000,000,  much  greater  than  1 :  20,000,000,  and 
not  far  from  1:7,000,000   (fig.  4,  observations  9,  11,  15).     A 
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Fig.  4.  Intestixe  Tracings.     Bloods  from  Same  Dog  as  ix  Figure  3 

At  8  Ringer  was  replaced  by  jugular  blood  diluted  with  an  equal  volume  of 
Ringer,  and  this  at  9  by  jugular  blood  made  up  to  1:  5,000,000  adrenalin,  and 
then  diluted  with  an  equal  volume  of  Ringer.  At  10  and  14  Ringer  was  replaced 
by  jugular  blood  diluted  with  an  equal  volume  of  Ringer  and  this  at  )/  and  15, 
respectively,  by  jugular  blood  made  up  to  1 :  20,000,000  adrenalin,  and  to  1 :  7,000,- 
000  adrenalin,  and  then  diluted  with  an  equal  volume  of  Ringer.  (Reduced  to 
two-thirds.) 


Fig.  5.  Uterus  Tracings.    Bloods  from  Same  Dog  as  Used  in  Figures  3  end  4 

At  5/  Ringer  was  replaced  by  indififerent  (arterial)  blood,  at  32  by  the  second 
adrenal  specimen  (collected  before  section  of  nerves) ;  at  55  by  the  sixth  adrenal 
specimen  (collected  after  section  of  nerves).  These  bloods  were  undiluted. 
At  49  Ringer  was  replaced  by  the  tenth  adrenal  specimen  (collected  after  section 
of  the  nerves).  The  blood  was  diluted  with  an  equal  volume  of  Ringer.  At  50 
Ringer  was  replaced  by  jugular  blood  to  which  was  added  adrenalin  to  make  up 
1 :  10,000,000,  and  the  blood  then  diluted  with  an  equal  volume  of  Ringer.  At 
62  Ringer  was  replaced  by  jugular  blood  to  which  was  added  adrenalin  to  make 
up  1 :  20,000,000,  the  blood  being  then  diluted  with  an  equal  volume  of  Ringer. 
(Reduced  to  one-half.) 
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test  made  with  the  second  adrenal  sample  immediately  after 
observation  15  gave  a  curve  more  nearly  resembling  that  of 
observation  15,  but  showing  slightly  smaller  inhibition  of  the 
intestine.  The  sixth  adrenal  sample  contained  obviously  much 
less  than  1 :  7,000,000  epinephrin.  Another  observation  on  the 
intestine,  not  reproduced,  showed  that  the  concentration  in  this 
sample  was  greatly  inferior  to  1:10,000,000.  Observation  11 
(fig.  4)  indicates  that  the  concentration  in  the  sixth  sample  was 
not  far  from  1 :  20,000,000.  This  was  confirmed  on  the  uterus. 
Observation  49  (fig.  5),  indicates  that  the  effect  of  the  tenth 
adrenal  sample  was  much  less  than  1 :  10,000,000  adrenahn 
(observation  50),  and  not  very  different  from  1:20,000,000 
(observation  52).  On  the  intestine  it  was  shown,  on  tracings 
not  reproduced,  that  the  tenth  sample  caused  a  slightly  greater 
inhibition  than  the  sixth  sample,  and  this  was  corroborated  by 
uterus  tracings.  The  rate  of  flow  when  the  second  sample  was 
being  collected  was  about  three  times  as  great  as  during  collection 
of  the  sixth  sample.  The  concentration  of  the  sixth  sample 
being  approximately  one-third  that  of  the  second,  the  rate  of 
hberation  of  epinephrin  per  minute  must  have  been  reduced  at' 
least  to  one-ninth  of  its  original  value  in  consequence  of  the  nerve 
sections.  It  must  be  remembered  that  the  minute-output  of 
epinephrin  is  that  due  to  one  adrenal  only.  The  concentration, 
however,  would  not  be  affected  by  this  circumstance,  since  one 
adrenal  having  been  excised,  the  blood  flowing  into  the  cava 
pocket  was  of  course  correspondingly  reduced. 

It  may  appear  somewhat  surprising  that  in  spite  of  the  drastic 
procedure  adopted  to  sever  the  secretory  nerves  of  the  left 
adrenal,  the  rate  of  Hberation  of  epinephrin  was  still  a  substantial 
fraction  of  its  initial  value.  Subsequent  section  of  the  sympathet- 
ic trunk  in  the  thorax,  as  was  to  be  expected,  did  not  alter  this 
fraction  perceptibly.  It  is  quite  possible,  as  suggested  before, 
that  the  attempt  to  cut  fibers  close  to  the  adrenal  caused  such 
disturbance  in  the  gland  by  altering  the  circulation,  and  perhaps 
in  other  ways,  that  some  epinephrin  continued  to  be  discharged 
during  the  remainder  of  the  experiment  independently  of  the 
central  innervation. 
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In  the  next  experiment  disturbance  of  the  adrenal  was  avoided 
by  di\ading  the  sympathetics  in  the  thorax  just  below  the 
twelfth  rib.  This  operation  at  once  reduced  the  rate  of  output 
of  epinephrin  to  not  more  at  most  than  one-twelfth  of  its  initial 
value.  That  the  residual  hberation  was  sustained  in  the  same 
way  as  the  normal  initial  output,  that  is,  through  nerves  which 
had  escaped  section,  is  suggested  by  the  fact  that  after  section 
of  the  nerves  successive  specimens  of  adrenal  vein  blood  (and 
serum)  showed  the  same  progressive  increase  in  the  concentra- 
tion of  epinephrin  as  before  the  section.  The  reduced  rate  of 
liberation  per  minute  therefore  remained  practically  independent 
of  the  rate  of  blood  flow,  just  as  the  original  rate  did  before 
the  nerve  section,  the  concentration  varying  approximately  in  the 
inverse  ratio  of  the  blood  flow. 

Experiment  5.     Condensed   protocol.     Dog.     Weight,    18.35   kgm. 

Anesthetized  with  ether. 

10.40  a.m.     Tracheal  and  jugular  cannulae  inserted. 

10.50  a.m.  Obtained  jugular  blood.  Cava  pocket  made,  and  cannula 
inserted  in  the  right  iliac  vein.  The  following  specimens 
of  adrenal  blood  were  collected:  First  specimen,  36.2 
grams  (time  record  lost);  second  specimen,  30  grams  in 
1  minute,  10  seconds  (26.1  grams  per  minute);  third 
specimen,  26.0  grams,  in  1  minute,  20  seconds  (19.5 
grams  per  minute).  Cut  both  sjTnpathetics  in  thorax 
one  ganglion  above  origin  of  splanchnic.  Collected 
the  following  specimens  of  adrenal  blood:  Fourth 
specimen  and  fifth  specimen  not  satisfactorily  collected; 
sixth  specimen,  22  grams  in  1  minute,  37  seconds  (13.6 
grams  per  minute);  seventh  specimen,  33  grams  in  2 
minutes,  25  seconds  (13.2  grams  per  minute).  Com- 
bined weight  of  adrenals,  1.480  grams.  The  bloods  were 
centrifuged  and  the  sera  tested  on  rabbit  segments. 

Of  the  numerous  observations  made  to  assay  the  epinephrin 
content  of  the  sera  only  four  are  reproduced  (figs.  6  and  7). 
Figure  6  shows  that  the  third  adrenal  sample  taken  just  before 
section  of  the  nerves  had  a  much  greater  concentration  of  epi- 
nephrin than  the  sixth  sample,  collected  after  the  nerve  section. 
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Fig.  6.  Bloods  from  Dog  Anesthetized  with  Ether 

At  5,  Ringer  was  replaced  by  the  serum  of  jugular  blood,  and  this  at  6  by  the 
serum  of  the  sixth  adrenal  blood  specimen  (collected  after  section  of  the  sym- 
pathetics  in  the  thorax).  At  iJRinger  was  replaced  by  the  serum  of  jugular  blood, 
and  this  at  16  by  the  serum  of  the  third  adrenal  specimen  (collected  before  section 
of  the  sympathetics).  All  the  sera  were  diluted  with  an  equal  volume  of  Ringer. 
(Reduced  to  one-half.) 


Fig.  7,  Intestine  Tracings.     Bloods  from  Same  Dog  as  Used  in  Figure  6 

At  11  Ringer  was  replaced  by  serum  of  jugular  blood,  and  this  at  12  by  serum  of 
jugular  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  3,000,000.  At 
19  Ringer  was  replaced  by  serum  of  jugular  blood,  and  this  at  20  by  serum  of 
jugular  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  20,000,000.  All 
the  sera  were  diluted  with  an  equal  volume  of  Ringer.  The  concentrations  of 
adrenalin  given  are  the  concentrations  in  the  serum  before  this  dilution.  (Re- 
duced to  one-half.) 
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Observation  12  (fig.  7)  indicates  that  the  concentration  in  the 
serum  of  the  third  sample  was  decidedly  greater  than  1 :  3,000,000. 
The  concentration  in  the  serum  of  the  sixth  sample  was  somewhat 
greater  than  1:20,000,000  (observation  20).  Other  observa- 
tions with  various  concentrations  of  adrenahn  confirmed  the 
conclusion  that  the  concentration  in  the  sixth  sample  was  not 
far  from  one-eighth  of  that  in  the  third  sample.  The  rate  of 
flow  of  the  third  sample  was  approximately  in  the  ratio  of  3 :  2 
to  that  of  the  sixth.  Therefore,  the  rate  of  Uberation  of  epi- 
nephrin  per  minute  was  diminished  to  about  one-twelfth  by  the 
nerve  section. 

The  results  of  the  acute  experiments  can  be  summed  up  in  a 
sentence.  In  none  of  them  have  we  failed  to  find  in  the  adrenal 
vein  blood  after  section  of  the  nerves  a  sufficient  concentration 
of  epinephrin  to  be  detected  by  the  rabbit  intestine  and  uterus 
segments  even  where  the  eye  reactions  were  negative.  In  all 
the  experiments  the  rate  of  liberation  was  reduced  by  the  nerve 
sections  to  a  small  fraction  of  the  normal  output. 

SURVIVAL   EXPERIMENTS 

Seven  of  these  are  recorded  here,  all  on  cats.  In  all  both 
eye  reactions  and  segments  tests  were  employed.  One  of  the 
animals  was  tested  8  days  after  the  nerve  section  (experi- 
ment 6);  two  after  16  and  15  days,  respectively  (experiments  7 
and  8) ;  one  after  3  weeks  (experiment  9) ;  and  three  after  15  weeks 
(experiments  10,  11  and  12).  In  all  the  animals  one  superior 
cervical  gangUon  was  removed  about  a  week  before  the  tests. 

Experiment    6.     Condensed    protocol.     Cat.     Weight,     2.0    kgm. 
Right   adrenal  gland   excised,   nerve   connections  to    left    semilunar 
ganglion  severed,  and  left  superior  cervical  ganglion  excised,  8  days 
before  the  experiment.     Condition  good. 
9.30  a.m.     3  grams  urethane. 
10.30  a.m.     Tracheal  cannula  inserted,  cava  pocket  made  with  cannula 

in  lower  end. 
11.10  a.m.     Sample  of  jugular  blood  obtained. 
11.25  a.m.     Pocket  experiment,   1  minute,  30  seconds,  no  pupil  or 

nictitating  reaction. 
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11.28  a.m.  Pocket  experiment,  2  minutes,  no  pupil  or  nictitating 
reaction. 

11.32  a.m.     Pocket  experiment,  3  minutes,  questionable  eye  reactions. 

11.37  a.m.  Pocket  experiment,  4  minutes,  pupil  and  nictitating  re- 
actions very  faint,  if  any. 

11.45  a.m.  Collected  adrenal  blood  specimens  as  follows:  First 
specimen,  1.7  grams  in  3  minutes  (0.57  gram  per  minute) ; 
second  specimen,  3.4  grams  in  7  minutes,  45  seconds 
(0.44  gram  per  minute);  third  specimen,  4.9  grams  in 
17  minutes  (0.29  gram  per  minute);  fourth  specimen, 
1.9  grams  in  11  minutes,  30  seconds  (0.16  gram  per 
minute).  Blood  obtained  from  abdominal  aorta  with 
cava  pocket  still  clipped  off.  Right  adrenal  weighed 
0.165  gram,  and  contained  0.22  mgm.  epinephrin.  Left 
adrenal  weighed  0.178  gram,  and  contained  0.27  mgm. 
epinephrin. 


Fig.  8.  Intestine  Tracings.    Bloods  from  Cat  with  Right  Adrenal  Excised 

AND  Nerves  of  Left  Severed 

Anesthetized  with  urethane.  At  17  Ringer  was  replaced  by  indifferent  (arte- 
rial) blood,  and  this  at  18  by  the  first  adrenal  specimen.  At  19  Ringer  was  re- 
placed by  arterial  blood  and  this  at  20  by  the  second  adrenal  specimen.  At  SI 
Ringer  was  replaced  by  arterial  blood,  and  this  a.t22  by  the  third  adrenal  speci- 
men. All  bloods  were  diluted  with  an  equal  volume  of  Ringer  before  being 
applied  to  the  segment.     (Reduced  to  three-fifths.) 
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The  eye  reactions  were  practically  negative.  The  segment 
tests  proved  that  the  concentration  of  epinephrin  in  the  adrenal 
blood  was  very  small  even  in  the  samples  with  the  slowest  blood 
flow.  A  few  of  the  numerous  tracings  taken  are  reproduced  in 
figures  8  and  9.  Comparison  of  observations  20  and  28  indicates 
that  the  concentration  in  the  second  adrenal  sample  was  not  more 


Fig.  9.  Intestine   Tracings.    Bloods  from  Same  Cat  used  for  Figure  8 

At  23  Ringer  was  replaced  by  arterial  blood,  and  this  at  24  by  arterial  blood 
containing  1 :  20,000,000  adrenalin.  At  25  Ringer  was  replaced  by  arterial  blood 
and  this  at  26  by  arterial  blood  containing  1 :  50,000,000  adrenalin.  At  27  Ringer 
was  replaced  by  arterial  blood,  and  this  at  28  by  arterial  blood  containing  1 :  125,- 
000,000  adrenalin.  The  indifferent  (arterial)  bloods  were  diluted  with  an  equal 
volume  of  Ringer  and  after  addition  of  the  adrenalin  to  the  arterial  blood  to 
make  up  the  concentrations  named,  the  adrenalin  blood  was  also  diluted  with  an 
equal  volume  of  Ringer  before  application  to  the  segments.  (Reduced  to  three- 
fifths.) 


than  1 :  125,000,000.  It  was  very  much  less  than  1:  50,000,000 
(observation  26).  The  intestine  segment  was  quite  sensitive  to 
adrenalin.  Indifferent  blood  made  up  with  adrenahn  to  1 :  50,- 
000,000,  the  mixture  being  then  diluted  ^vith  its  own  volume  of 
Ringer  before  appUcation  to  the  segment,  produced  an  effect 
probably  not  far  from  maximal  as  regards  the  initial  diminution 
of  tone.     The  greater  effect  of  a   1 :  20,000,000  concentration 
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similarly  diluted  with  Ringer  (observation  24)  is  displayed 
simply  in  the  greater  persistency  of  the  diminished  tone.  The 
third  sample  (observation  22)  had  a  concentration  of  less  than 
1 :  50,000,000,  probably  no  more  than  1 :  75,000,000.  The  rates 
of  flow  of  the  second  and  third  samples  were  in  the  ratio  of  3 : 2, 
or  approximately  in  the  inverse  ratio  of  the  concentrations.  It 
follows  that  the  rate  of  liberation  of  epinephrin  was  proceeding 
uniformly  during  the  collection  of  these  samples.  The  greater 
concentration  in  the  first  adrenal  sample  may  be  assumed  to  be 
due  to  a  small  amount  of  epinephrin,  the  liberation  of  which 
was  associated  with  the  necessary  manipulation  in  closing  off 
the  pocket.  This  would  tell  especially  when  the  genuine  output 
of  epinephrin  was  very  small,  as  in  this  experiment. 

The  uterus  tests  confirmed  the  conclusion  that  the  inhibition 
of  the  intestine  was  due  altogether  to  epinephrin. 

Taking  the  rate  of  flow  of  the  second  sample  as  0.43  cc.  per 
minute,  and  the  concentration  of  epinephrin  in  it  as  1 :  125,000,000, 
we  get  0.0000035  mgm.  per  minute  as  the  output  of  epinephrin 
from  the  one  adrenal,  i.e.,  0.000007  mgm.  for  the  two  adrenals 
(0.000003  mgm.  per  kilo  of  animal  per  minute).  This  is  at 
most  no  more  than  one-hundredth  of  the  normal  output  as  de- 
termined by  rabbit  segments  in  adrenal  blood  (table  2),  and  not 
more  than  one-two-hundredth  of  the  normal  output  as  determined 
by  the  eye  reactions  (table  1). 

Experiment  7.  Condensed  protocol.  Cat.  Weight,  2.75  kgm. 
The  right  adrenal  gland  was  excised  and  the  nerve  connections  to  the 
left  semilunar  ganglion  severed  2.  weeks  before  the  experiment.  The 
left  superior  cervical  ganglion  was  excised  9  days  before  the  experiment. 
Condition  excellent. 
11.00  a.m.     4  grams  urethane. 

12.30  p.m.     Tracheal     cannula    inserted.     Jugular    blood     obtained. 
Cava  pocket  made. 
1.22  p.m.     Pocket  experiment,  2  minutes.     No  pupil  or  nictitating 

reactions. 
1.26  p.m.     Pocket  experiment)   3   minutes,   no   pupil  or   nictitating 
reactions. 
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1.30  p.m.  Collected  the  following  adrenal  blood  specimens:  First 
specimen,  2.7  grams  in  1  minute,  30  seconds  (1.8  grams 
per  minute);  second  specimen,  5.7  grams  in  3  minutes, 
30  seconds  (1.6  grams  per  minute);  third  specimen 
7.4  grams  in  7  minutes  (1  gram  per  minute).  Blood 
obtained  from  abdominal  aorta.  Specific  gra\'ity  of 
this  blood,  1028.  The  blood  pressure  during  collection 
of  the  adrenal  specimens  was  good.  Right  adrenal 
weighed,  0.110  gram,  and  contained  0.08+  mgm. 
epinephrin.  Left  adrenal  weighed,  0.214  gram,  and 
contained  0.18  mgm.  epinephrin. 


Fig.  10.  Intestine  Tracings.    Bloods    from    Cat    with    Right    Adrenal 
Excised  and  Nerve  Connections  of  Left  Cut 

Anesthetized  with  urethane.  At  S  and  15  Ringer  was  replaced  by  indifferent 
(arterial)  blood,  and  this  at  6  and  16  by  the  second  and  third  adrenal  specimens, 
respectively.  The  bloods  were  all  diluted  with  an  equal  volume  of  Ringer  before 
application  to  the  segments.     (Reduced  to  one-half.) 

The  eye  reactions  in  experiment  7  were  negative.  Some  speci- 
mens of  tracings  from  the  segments  tests  are  reproduced  in 
figures  10  and  11.  From  these  and  other  observations  on  the 
intestine  segments,  it  was  determined  that  the  second  adrenal 
blood  specimen  (observation  6)  was  weaker  than  1 :  30,000,000 
adrenalin    (observation    12),   much  weaker   than    1:15,000,000 
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(observation  10).  The  third  adrenal  specimen  (observation  16) 
had  a  greater  concentration  than  the  second,  corresponding  to 
the  lessened  blood  flow,  but  it  was  still  not  as  strong  as  1 :  30,000- 
000.  The  amount  of  epinephrin  liberated  per  minute  was  there- 
fore not  as  much  as  0.00003  mgm.  for  the  one  adrenal,  or  0.00006 
mgm.  for  both  glands  (0.00002  mgm.  per  kilo  of   animal  per 


Fig.  11.  Intestine  Tracings.     Bloods  from  Same  Cat  Used  for  Figure  10 

At  9  and  11  Ringer  was  replaced  by  arterial  blood,  and  this  at  10  and  12  by 
arterial  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  15,000,000  and 
1 :  30,000,000,  respectively.  All  the  bloods  were  diluted  with  an  equal  volume  of 
Ringer  before  application  to  the  segment.  The  concentrations  of  adrenalin 
given  are  the  concentrations  in  the  blood  before  this  dilution.  (Reduced  to 
one-half.) 

minute),  i.e.,  not  one-tenth  of  the  normal  discharge,  as  deter- 
mined in  drawn  adrenal  blood  on  rabbit  segments,  and  not  more 
than  one-twentieth  to  one-thirtieth  of  the  amount  as  determined 
by  eye  reactions. 

The  next  two  experiments  of  the  survival  series  (experiments 
8  and  9)  yielded  absolutely  decisive  results. 

Experiment  8.  Condensed  protocol.  Cat.  Weight,  2.155  kgm. 
The  right  adrenal  was  excised  and  the  nerve  connections  to  the  left 
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semilunar  ganglion  severed  two  weeks  before  the  experiment.     The 
left  superior  cendcal  gangUon  was  excised  one  week  before  the  experi- 
ment.    Condition  good. 
11.00  a.m.     4  grams  urethane. 

12.30  p.m.     Tracheal  cannula  inserted.     Cava  pocket  made. 
1.05  p.m.     Pocket  experiment,  45  seconds.     No  eye  reactions. 

1.07  p.m.     Pocket  experiment,  1  minute,  50  seconds.  Xoeye  reactions. 
1.10  p.m.     Pocket  experiment,  3  minutes  30  seconds.  No  eye  reactions. 

1.20  p.m.     Injected  into  jugular  0.5  cc.  of   1  :  20,000,000  adrenahn. 

Verj'  good  pupil  and  nictitating  reactions. 

1.21  p.m.     Injected  into  jugular,  1.0  cc.  of  1:20,000,000  adrenahn. 

Excellent  pupil  and  nictitating  reactions. 

1.25  a.m.  Injected  into  jugular  less  than  0.5  cc'  of  1:20,000,000 
adrenahn.     Good  pupil  and  nictitating  reactions. 

1.30  p.m.  Inserted  cannula  in  lower  end  of  cava  pocket,  and  col- 
lected the  following  adrenal  blood  specimens:  First 
specimen,  2.0  grams  in  1  minute,  15  seconds  (1.6  grams 
per  minute);  second  specimen,  1.9  grams  in  1  minute, 
45  seconds  (1.1  grams  per  minute);  third  specimen, 
3.7  grams,  in  5  minutes,  10  seconds  (0.7  gram  per 
minute);  fourth  specimen,  2.8  grams  in  7  minutes  (0.4 
gram  per  minute).  Blood  obtained  from  jugular  vein 
and  also  from  abdominal  aorta,  while  the  cava  pocket 
was  still  shut  off  from  the  circulation. 

2.00  p.m.     Pocket  experiment,  2  minutes.     No  eye  reactions. 

2.03  p.m.  Pocket  experiment,  3  minutes,  30  seconds.  No  eye 
reactions. 

2.08  p.m.     Pocket  experiment,  5  minutes.     No  eye  reactions. 

2.20  p.m.  Injected  into  jugular  0.5  cc,  of  1:40,000,000  adrenalin. 
Shght  pupil  reaction  in  20.4  seconds. 

2.23  p.m.  Injected  into  jugular  0.5  cc,  of  1  :  40,000,000  adrenalin. 
Shght  pupil  reaction  in  30  seconds.  Capacity  of  cava 
pocket  slackly  filled,  0.64  gram.  The  arterial  blood 
contained  72  per  cent  of  serum  (bj'  hemaetocrit). 
Right  adrenal  weighed,  0.150  gram,  and  contained  0.25 
mgm.  epiaephrin  (assayed  when  excised).  Left  adrenal 
weighed,  0.230  gram,  and  contained  0.24  mgm.  epi- 
nephrin  (assayed  after  the  experiment). 

*  It  was  intended  to  inject  0.5  cc,  but  it  did  not  wash  in  completely  with  the 
Ringer's  solution  (about  1  cc.)  which  followed  the  injection. 
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The  eye  reactions  in  experiment  8  were  negative,  although  they 
could  be  elicited  by  injection  of  0.00001  mgm.  of  adrenalin  into 
the  jugular  vein,  and  were  strongly  obtained  with  less  than 
0.000025  mgm.  Even  with  collection  in  the  pocket  for  5  minutes, 
no  eye  reactions  were  got,  i.e.,  not  even  0.000002  mgm.  epi- 
nephrin  per  minute  was  being  liberated  by  the  one  adrenal  (i.e. 
0.000002  mgm.  per  kilogram  of  body  weight  for  the  two  adrenals). 
This  is  not  more  than  one-three-hundredth  of  the  normal  out- 
put, as  estimated  by  eye  reactions. 

A  few  specimens  of  the  tracings  from  the  rabbit  intestine  and 
uterus  segment i;ests  are  given  in  figures  12  to  15.  They  showed 
that  if  any  epinephrin  whatever  was  present  in  the  adrenal 
vein  blood,  which  was  not  certain,  it  could  only  have  existed  in 
a  concentration  already  almost  beyond  the  limit  of  detectability 
by  the  extremely  sensitive  intestine  and  uterus  segments  worked 
with.  For  example,  if  the  slight  dip  at  observation  21  (fig.  13) 
is  due  to  epinephrin,  and  not  merely  to  the  change  of  liquid 
around  the  preparation,  it  indicates  that  the  concentration  of 
epinephrin  in  the  third  adrenal  blood  specimen  could  not  have 
been  as  much  as  1:100,000,000  (observation  19).  That  with 
this  segment  a  slight  dip  in  the  curve  could  be  caused  by  the 
mere  change  of  the  blood  surrounding  the  segment  without  any 
epinephrin  being  present,  is  illustrated  in  observation  9  (fig.  12), 
where  arterial  blood  from  one  cat  replaced  arterial  blood  from 
another.  Observation  17  (fig.  12)  on  the  third  adrenal  sample 
reveals  no  definite  inhibition.  In  observation  11,  where  the 
first  adrenal  blood  replaced  indifferent  (arterial)  blood,  there  is 
only  a  slight  dip  and  a  delayed  increase  of  tone,  notwithstanding 
the  possibility  that  a  little  epinephrin  might  have  been  liberated 
into  this  sample  by  manipulation.  Even  the  serum  of  the  adrenal 
blood,  which,  as  has  been  previously  shown  (3) ,  is  richer  in  epi- 
nephrin than  the  blood  (containing,  indeed,  practically  the  whole 
of  it),  caused  no  definite  inhibition  of  the  intestine  segments 
(fig.  14,  observation  26),  while  1:60,000,000  adrenalin  in  in- 
different blood  produced  good  inhibition  (observation  29),  and 
the  effect  of  1 :  100,000,000  (observation  31)  was  distinct. 

On  uterus  segments,  it  was  shown  that  adrenalin  in  the  con- 
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centration  of  1:200,000,000  (fig.  15,  observations  41  and  45) 
caused  a  much  greater  increase  of  tone  than  the  undiluted  serum 
of  the  fourth  adrenal  specimen,  notwithstanding  the  fact  that 
the  adrenalin  was  made  up  in  an  indififerent  blood  diluted  with 


Fig.  12.  Intestine    Tracings.     Bloods   from   Cat   with    Right   Adrenal 
Excised  and  Nerves  of  Left  Cut 

Anesthetized  with  urethane.  At  8  Ringer  was  replaced  by  arterial  blood, 
and  this  at  9  by  the  same  arterial  blood.  At  10  Ringer  was  replaced  by  arterial 
blood,  and  this  at  11  by  the  first  adrenal  blood  specimen.  At  16  Ringer  was 
replaced  by  arterial  blood  and  this  at  17  by  the  third  adrenal  specimen.  All  the 
bloods  were  diluted  before  application  to  the  segment  with  two  volumes  Ringer; 
except  at  observations  16  and  17,  where  the  bloods  were  diluted  with  one  volume 
Ringer.     (Reduced  to  two-thirds.) 

its  own  volume  of  Ringer,  and  that  the  ordinary  serum  effect  on 
the  uterus  would  therefore  be  less  than  the  serum  effect  in  obser- 
vation 43.  The  indifferent  blood  in  this  dilution  (tracings  not  re- 
produced), and  also  the  adrenal  vein  blood  of  the  second  sped- 
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men  (observation  38)  similarly  diluted,  caused  a  much  smaller 
effect  on  the  uterus  segment  than  the  undiluted  serum  of  the 
fourth  adrenal  specimen,  and  also  a  smaller  effect  than  the 
indifferent  blood  (diluted  with  one  volume  Ringer)  to  which 
adrenalin  in  the  concentration  of  1 :  300,000,000  (observation  44) 
had  been  added.  It  is  probable  that  even  1 :  400,000,000  (ob- 
servation 42)  could  be  detected  by  this  segment. 

There  is  no  doubt,  then,  that  the  serum  of  the  fourth  adrenal 
specimen  contained  much  less  than  1 :  200,000,000,  and  even 
less  than  1 :  300,000,000.     The  proportion  of  serum  in  the  blood 


Fig.  13.  Intestine  Tracings.     Bloods  from  the  Same  Cat  Used  for  Figure 
12,  BUT  WITH  Smaller  Magnification 

At  18  Ringer  was  replaced  by  arterial  blbod,  and  this  at  19  by  arterial  blood 
to  which  had  been  added  adrenalin  to  make  up  1 :  100,000,000.  At  W  Ringer  was 
replaced  by  arterial  blood,  and  this  at  21  by  the  third  adrenal  specimen.  (Re- 
duced to  one-half.) 

was  72  per  cent  (cat's  blood  is  usually  very  rich  in  serum)  so 
that  the  blood  could  not  have  had  a  greater  concentration  at 
most  than  1 :  400,000,000  of  epinephrin.  The  rate  of  blood  flow 
during  collection  of  the  fourth  adrenal  specimen  was  0.4  gram 
per  minute.  The  output  of  epinephrin  per  minute,  accordingly, 
could  not  have  been  more  than  0.000001  mgm.  per  minute  for 
the  one  adrenal,  or  0.000002  mgm.  for  the  two  adrenals  (0.000001 
mgm.  per  kilo  of  body  weight  per  minute).  This  is  no  more 
than  one-two-hundred  and  fiftieth  of  the  normal  output,  as 
estimated  in  drawn  adrenal  blood  under  our  experimental  con- 
ditions on  rabbit  intestine  and  uterus  segments,  and  no  more 


Fig.  14.  Intestine  Tracings. 


Blood  from  Same  Cat  Used  for  Figures  12 
AND  13 


A  fresh  segment  was  taken.  At  25  Ringer  was  replaced  by  serum  of  arterial 
blood,  and  this  at  26  by  serum  of  the  fourth  adrenal  specimen.  At  28  and  SO 
Ringer  was  replaced  by  arterial  blood,  and  this  at  29  and  SI  by  arterial  blood  to 
which  adrenalin  had  been  added  to  make  up  1:60,000,000  and  1:100,000,000, 
respectively.     (Reduced  to  one-half.) 


Fig.  15.  Uterus  Tracings.     Bloods  from  Same  Cat  Used  for  Figures  12  to  14 

At  38  Ringer  was  replaced  by  the  second  adrenal  specimen  diluted  with  an 
equal  volume  of  Ringer;  at  4^1  by  arterial  blood  to  which  was  added  adrenalin 
1 :200,000,000  (writing  point  went  above  drum  and  stayed  up  a  long  time) ;  at  4^  by 
arterial  blood,  to  which  was  added  adrenalin  1 :  400,000,000.  The  arterial  bloods 
were  diluted  with  an  equal  volume  of  Ringer  before  adding  the  adrenalin.  At 
45  Ringer  was  replaced  by  the  serum  of  the  fourth  adrenal  specimen  undiluted; 
at  44  by  arterial  blood  to  which  was  added  adrenalin  (1:  300,000,000);  at  IfJ^.  by 
adrenalin,  1:  300,000,000;  at  45  by  adrenalin,  1 :  200,000,000  (writing  point  went 
above  drum  and  stayed  up  long) ;  at  46  by  adrenalin,  1 :  300,000,000.  The  adrena- 
lin was  added  in  each  case  to  arterial  blood  previously  diluted  with  an  equal 
volume  of  Ringer.     (Reduced  to  two-fifths.) 
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than  one-five-hundredth  of  the  normal  output,   as  estimated 
by  eye  reactions. 

Experiment  9.  Condensed  protocol.  Cat.  Weight  3.87  kgm. 
Three  weeks  before  the  experiment  the  right  adrenal  gland  was  excised 
and  the  left  semilunar  ganglion  extirpated.  The  lumbar  sympathetic 
chain  was  also  cut  and  one  lumbar  ganglion  below  the  diaphragm 
excised.  The  left  superior  cervical  ganglion  was  excised  6  days  before 
the  experiment. 

11.30  a.m.     Urethane  6  grams  by  stomach  tube. 
1.00  p.m.     Tracheal  cannula  inserted  and  jugular  vein  blood  obtained. 
1.20  p.m.  to  1.45  p.m.     Cava  pocket  made,  tying  off  renal,  coeliac, 

mesenteric  arteries  and  abdominal  aorta. 
1.50  p.m.     Pocket    experiment.     1    minute,    35    seconds.     No    eye 

reactions. 
1.52  p.m.     Pocket  experiment.    3  minutes.     No  eye  reactions. 
The  following  specimens  of  adrenal  blood  were  then  collected: 


NUMBER   OF  ADBENAL 
SPECIMENS 

BLOOD  COLLECTED 

TIME   OF    COLLECTION 

BLOOD   FLOW  PER 

MINUTE 

grama 

minutes 

seconds 

grams 

1 

2.2 

1 

25 

1.5 

2 

5.5 

4 

1.4 

3 

4.7 

4 

1.2 

4 

5.0 

5 

1.0 

5 

5.3 

8 

0.66 

6 

5.8 

10 

30 

0.55 

Obtained  blood  from  carotid. 

Right  adrenal  weighed  0.320  gram  and  contained  0.33  mgm.  epi- 
nephrin.  Left  adrenal  weighed  0.316  gram  and  contained  0.32  mgm. 
epinephrin. 

The  first  adrenal  specimen  contained  55  per  cent  serum  (hematocrite) 
an  unusually  small  proportion  of  serum  for  a  cat. 

The  eye  reactions  in  experiment  9  were  negative.  Some  of  the 
tracings  of  the  segment  tests  are  reproduced  in  figures  16  to  19. 
None  of  the  samples  of  adrenal  blood  gave  any  reactions  indi- 
cating the  presence  of  epinephrin,  either  with  intestine  or  uterus, 
although  the  intestine  could  detect  1 :  300,000,000  adrenaUn 
(fig.    17,   observation  24).     A  concentration   of   1:200,000,000 
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caused  a  marked  effect  on  the  intestine  (observation  22). 
With  the  uterus  employed  it  was  proved  that  a  concentration 
of  1 :  300,000,000  was  quite  easily  detectable  (tracing  not  re^ 
produced),  and  even  1:500,000,000  (fig.  19,  observation  49) 
could  be  detected.  • 

In  figure  16  it  is  shown  that  (in  dilution  1:2),  even  the  sixth 
adrenal  blood  specimen,   which  normally  would  be  relatively 


Fig.  16.  Intestine   Tracings.     Bloods   from   a   Cat  with   Right   Adrenal 
Excised,  Left  Semilunar  Ganglion  Extirpated  and  Lumbar  Sym- 
pathetic Chain  Severed  Three  Weeks  Before  the  Expbhiment 

Anesthetized  with  urethane.  At  11  Ringer  was  replaced  by  jugular  blood  and 
this  at  12  by  the  sixth  adrenal  specimen.  At  IS  Ringer  was  replaced  by  jugular 
blood,  and  this  at  14  by  jugular  blood  to  which  was  added  adrenalin  1 :  50,000,000. 
At  15  Ringer  was  replaced  by  jugular  blood  and  this  at  16  by  the  fourth  adrenal 
specimen.  At  17  Ringer  was  replaced  by  jugular  blood  and  this  at  18  by  jugular 
blood  to  which  was  added  adrenalin  1 :  100,000,000.  All  the  bloods,  including  the 
adrenalin  bloods  after  being  made  up  to  the  concentrations  mentioned,  were 
diluted  with  two  volumes  of  Ringer  before  application  to  the  segment.  (Reduced 
to  one-half.) 


rich  in  epinephrin,  owing  to  the  small  blood  flow  at  the  time  of 
collection,  caused  no  inhibition  whatever  (observation  12). 
The  same  was  true  of  the  fourth  adrenal  blood  specimen  (observa- 
tion 16).  The  intestine  segment  gave  a  good  reaction  with 
adrenaUn  blood  (1:50,000,000)  (observation  14),  similarly 
diluted,  and  a  distinct  reaction  with  adrenahn  blood  (1 :  100,000- 
000)  (observation  18). 
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In  figure  17,  are  displayed  the  results  of  some  of  the  tests  on 
intestine  segments  with  undiluted  blood.  The  sixth  adrenal 
specimen  gave  no  definite  inhibition  (observation  20).  Indiffer- 
ent blood  to  which  adrenahn  had  been  added  to  make  up  a  con- 
centration of  1 :  200,000,000,  gave  a  good  reaction  (observation 
22),  and  even  a  concentration  of  1:300,000,000  caused  distinct 
inhibition  (observation  24).  Even  the  serum  (of  the  fifth  adrenal 
specimen)  caused  no  inhibition,  but  a  considerable  increase  of 
tone  of  the  intestine  segment  (fig.  18,  observation  33).     Adrena- 


FiG.  17.  Intestine  Tracings.    Blood  from  Same  Cat  Used  for  Figure  16 

At  19  Ringer  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  20  by 
the  sixth  adrenal  specimen.  At  21  and  23  Ringer  was  replaced  by  arterial  blood, 
and  this  at  22  and  24  by  arterial  blood  to  which  had  been  added  adrenalin  to  make 
up  1 :  200,000,000  and  1 :  300,000,000,  respectively.     (Reduced  to  one-half.) 

lin  in  indifferent  serum  in  concentration  1 :  300,000,000  pro- 
duced a  very  different  effect  on  the  intestine  (observation  35), 
and  one  which  must  be  interpreted  as  an  adrenahn  action,  that 
is  to  say,  instead  of  a  decided  increase  of  tone,  a  preliminary 
sUght  inhibition  followed  by  a  recovery  scarcely  above  the  initial 
level. 

The  third  adrenal  blood  specimen  (diluted  with  2  volumes 
Ringer)  caused  also  a  rise  of  tone,  without  inhibition  (observa- 
tions 28).     All  the  other  adrenal  specimens  were  tested,  but 
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none  of  them,  not  even  the  first,  or  so-called  "manipulation" 
specimen,  gave  any  positive  effect. 

The  uterus  tests  confirmed  the  negative  results  obtained  with 
the  intestine.  Specimens  of  the  tracings  are  reproduced  in 
figure  19.  The  third  undiluted  adrenal  blood  sample  (observa- 
tion 50),  gave  a  somewhat  smaller  increase  of  tone  than  adrenalin 


Fig.  18.   Intestine  Tracings.     Bloods  from  Same  Cat  Used  for  Figures 

16  and  17 

At  27  Ringer  was  replaced  by  arterial  blood  and  this  at  28  by  the  third  adrenal 
specimen,  the  bloods  being  diluted  with  two  volumes  Ringer  before  application 
to  the  segment.  At  32  Ringer  was  replaced  by  serum  of  arterial  blood  and  this 
at  33  by  serum  of  the  fifth  adrenal  specimen.  At  3Ii.  Ringer  was  replaced  by  serum 
of  arterial  blood  and  this  at  35  by  serum  of  arterial  blood  to  which  adrenalin  had 
been  added  to  made  up  1 :  300,000,000.  All  the  sera  were  undiluted.  (Reduced 
to  two-thirds.) 

added  to  the  second  adrenal  sp>ecimen  to  make  up  a  concentration 
of  1 :  500,000,000.  The  serum  of  the  fifth  adrenal  blood  sample 
(observation  51),  produced  a  rise  of  tone  of  about  the  same  size 
as  this  adrenaUn  blood,  probably'  a  Uttle  less.  No  difference 
between  the  indifferent  bloods  and  the  sixth  adrenal  blood  speci- 
men was  brought  out  by  diluting  them  to  the  same  degree  (ob- 
servations 38  to  40). 
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There  is  evidence,  then,  from  the  intestine  tests  that  the  adrenal 
blood  certainly  did  not  contain  1 :  300,000,000  epinephrin,  and 
that  even  the  serum  in  all  probability  did  not  contain  1 :  300,000,- 
000.  The  uterus  tests  bring  the  possible  concentration  still 
lower,  probably  to  1 :  500,000,000  for  the  serum.  But  even  tak- 
ing 1 :  400,000,000  as  the  concentration  which  the  serum  could 
not  have  exceeded,  we  get  for  the  blood  (of  the  fifth  adrenal 
specnnen)  a  concentration  of  no  more  at  most  than  1 :  700,000,000. 
The  rate  of  flow  during  the  collection  of  this  specimei^  was  0.65 


^'4  1,  i\  \    J^>'^ 
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Fig.  19.  Uterus  Tracings.     Bloods  from  Same  Cat  Used  for  IFigures 
,  16  TO  18  : 

•At  38  Ringer  was  replaced  by  arterial  blood;  at  39  by  jugular  blood;  at  40  by 
the  sixth  adrenal  blood  specimen.  The  bloods  were  diluted  with  two  volumes 
Ringer.  At  49  Ringer  was  replaced  by  blood  of  the  second  adrenal  specimen  to 
which  had  been  added  adrenalin  to  make  up  1 :  500,000,000.  At  50  Ringer  was 
replaced  by  the  third  adrenal  specimen;  at  '51' My  serum  of  the  fifth  adrenal  speci- 
men. In  observations  49  to  51  there  was  no  dilution  before  application  to  tlie 
segment.     (Reduced  to   one-half.) 

gram  (say  0.6- cc.)  per  minute.  The  rate  of  liberation  of  epineph- 
rin  accordingly  could  not  have  been  as  much  as  0.0000009  mgm. 
per  minute  for  the  one  adrenal  (or  0.0000004  mgm.  per  kilogram 
of  body  weight  per  minute  for  two  adrenals),  i.e.,  not  one-five- 
hundredth  of  the  normal  output,  as  estimated  on  drawn  adrenal 
blood  by  rabbit  segments,  or  one-thousandth  of  the  normal  out- 
put, under  similar  experimental  conditions,  as  estimated  by  the 
eye  reactions. 

Results  such  as  those  of  experiments  8  and  9  indicate  that  no 
epinephrin  is  normally  liberated  from  the  adrenals,  except  through 
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nerv^es.  It  must  be  remembered  that  the  experimental  con- 
ditions under  which  the  blood  samples  were  obtained  are  such 
as  are  usually  considered  to  be  most  favorable  for  increasing 
the  epinephrin  output  (anaesthesia,  trauma,  etc.) 

Another  conclusion  which  seems  to  follow  is  that  the  epi- 
nephrin normally  hberated  from  the  adrenals  is  not  indispensable 
for  life  and  health.  For  these  cats  had  not  suffered  in  any 
respect  from  the  lack  of  it,  so  far  as  could  be  made  out.  If 
it  be  said  that  quantities  and  concentrations  of  epinephrin  smaller 
than  can  be  detected  by  the  test  objects  employed,  may  still, 
for  aU  we  know,  play  an  important  part  in  the  organism,  the 
possibihty  may  be  conceded.  But  we  do  not  know  any  functions 
which  can  be  demonstrably  affected  by  epinephrin  in  concen- 
trations of  1 :  70  thousand  miUions  (the  adrenal  blood  is  diluted 
at  least  one  hundred  times  in  the  right  heart).  And  reactions 
which  can  be  demonstrated  are  the  only  reactions  which  can  be 
studied. 

No  account  is  here  taken  of  the  possibihty  that  the  sporadic 
chromaffin  tissue  may  discharge  a  certain  amount  of  epinephrin, 
since  although  it  has  been  sho\Mi  to  contain  that  substance  (4) 
nothing  is  kno^\Ti  as  to  its  hberation.  Accessor^'  adrenals  were 
always  looked  for  post  mortem,  but  were  not  present  in  any  of 
our  cats.  In  any  case,  accessory  adrenals  consist  of  cortical, 
not  of  meduUarj^  tissue. 

It  is  scarcely  necessary  to  say  that  our  results  do  not  show  that 
no  important  or  indispensable  substance  continues  to  be  given 
off  by  the  adrenals  or  even  by  the  adrenal  medulla  after  section 
of  their  nerves.  On  the  contrary,  as  the  adrenals  are  indis- 
pensable to  life  it  must  be  assumed  that  the  most  important  of 
their  functions  can  be  carried  on  through  the  blood  or  hnnph  in 
the  absence  of  the  nerves  which  control  the  hberation  of  epi- 
nephrin. The  objection  that  the  rate  of  hberation  was  not  de- 
termined in  these  cats  before  section  of  the  nerves  and  that  it 
might  have  been  exceptionally  small,  has  no  weight.  For  we 
do  not  find  very  vdde  variations  in  the  output  imder  our  experi- 
mental conditions  (table  2),  and  we  never  encounter  a  cat  with 
intact  adrenal  nerves  whose  adrenal  \'ein  blood  does  not  con- 
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tain  "epinephrin  in  concentration  far  above  the  limit  of  detect- 
ability  with  test  objects  of  normal  sensitiveness. 
.  The  concentration  in  dog's  adrenal  blood  is  usually  consider- 
ably less  than  in  the  cat,  probably  due  largely,  if  not  entirely,  to 
the  greater  rate  of  blood  flow.  It  is  for  this  reason  easier  to  miss 
detecting  epinephrin  in  dog's  adrenal  vein  blood  than  in  cat's, 
especially  if  the  blood  flow  has  not  slackened  considerably  during 
collection  of  a  series  of  samples  and  if  rather  insensitive  segments 
happen  to  be  employed.  This  is  undoubtedly  the  reason  why 
in  previous  experiments  made  by  one  of  us  (5)  a  negative 
result  was  sometimes  obtained  in  blood  from  the  dog's  adrenal 
veins,  mth  the  nerves  intact.  Occasionally  also  in  the  previous 
experiments  on  dogs  there  was  some  admixture  of  the  adrenal 
blood  with  blood  from  the  transverse  lumbar  vein,  which  would 
still  further  reduce  the  epinephrin  content.  It  is  not  very  im- 
common  in  the  dog,  to  find  one  adrenal  vein,  especially  the  left, 
opening  into  the  renal  vein,  and  if  this  is  not  recognized  in  tying 
off  the  cava  pocket,  the  adrenal  vein  may  easily  be  occluded. 
Although  this  would  not  affect  the  concentration  of  epinephrin 
in  the  blood  collected,  it  would  diminish  the  apparent  rate  of 
Uberation  by  half. 

In  three  experiments,  the  cats  were  allowed  to  live  for  such  a 
time  (15  weeks),  as  to  permit  at  least  the  possibility  of  some 
regeneration  of  the  fibers.  These  animals  differed  in  no  respect 
in  their  behavior  and  state  of  health  from  the  cats  which  were 
allowed  to  survive  for  shorter  periods. 

Experiment  10.  Condensed  protocol.  Cat.  Weight  2.06  kgm.  at 
the  first  operation.  The  left  adrenal  gland  was  excised  and  the  nerves 
coming  to  the  right  semilunar  ganglion  severed  15  weeks  before  the 
experiment.  The  left  superior  cervical  ganglion  was  excised  one  week 
before  the  experiment.  Bodj'^  weight  2.63  kgm.  at  the  time  of  the 
experiment.  Condition  good. 
10.40  a.m.     Ether;   cava   pocket  tied   off,   renal,   coeliac,   mesenteric 

arteries  and  abdominal  aorta  below  the  renals  being 

ligated. 
11.10  a.m.     Pocket  experiment  52  seconds.     No  eye  reactions. 
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11.15  a.m.  Pocket  experiment  1  minute,  32  seconds.  No  eye 
reactions.  About  10  cc.  blood  was  obtained  from  the 
jugular  vein. 

11.30  a.m.  Pocket  experiment  1  minute,  30  seconds.  No  eye  re- 
actions. 

11.35  a.m.  Pocket  experiment  1  minute,  50  seconds.  No  eye  reac- 
tions. Tracheal  cannula  inserted,  also  cannula  in 
lower  end  of  pocket,  in  Oiac  vein. 

11.52  a.m.  Adrenal  blood  collected  from  pocket.  Flow  very  slow, 
about  5  cc.  in  27  minutes.  Obtained  blood  from 
right  heart.  Capacity  of  pocket,  slackly  filled,  0.39 
gram.  Left  adrenal  weighed  0.346  gram  and  contained 
0.22  mgm.  epinephrin.  Right  adrenal  weighed  0.330 
grams  and  contained  0.22  mgm.  epinephrin.  The 
bloods  were  centrifuged  and  the  serums  tested. 

The  eye  reactions  for  epinephrin  in  the  adrenal  blood  were 
negative.  With  the  uterus  segments  (fig.  20),  no  e\adence  of 
the  presence  of  epinephrin  even  in  the  serum  of  the  adrenal  vein 
blood  was  obtained,  although  the  blood  flow  during  the  collec- 
tion of  the  specimen  w^as  slow.  The  adrenal  serum  (diluted  with 
5  volumes  Ringer),  caused  scarcely  as  great  an  increase  of  tone 
as  the  jugular  serum  similarly  diluted  (observations  19  and  20). 
With  a  smaller  degree  of  dilution  (1:3),  adrenal  senun  was  dis- 
tinctly inferior  to  jugular  in  tone-increasing  power.  The  rise 
caused  by  the  undiluted  adrenal  serum  (observation  31),  on  a 
different  uterus  segment,  was  much  smaller  than  that  due  to 
an  adrenalin  solution  (1 :  30,000,000)  in  an  indifferent  serum 
(diluted  with  3  volumes  Ringer)  (observation  30).  There  was 
e\'idence  that  the  rise  of  tone  caused  by  the  adrenaUn  solution 
was  maximal  for  this  segment.  So  that  the  uterus  could  un- 
doubtedly have  detected  a  far  smaller  concentration  of  adrenalin 
than  1 :  30,000,000.  The  indifferent  serum  in  which  the  adrenaUn 
solution  was  made  up  (diluted  with  3  volumes  Ringer),  caused 
a  somewhat  greater  rise  than  the  imdiluted  adrenal  serum. 

The  great  difference  in  tone-increasing  power  between  the 
adrenal  and  the  indifferent  sera  in  this  experiment  suggests  that 
the  former  contained  some  substance  which  caused  inhibition 
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of  uterus  tone.  It  is  known  that  such  a  substance  is  sometimes 
present  in  venous  blood,  during  asphyxial  conditions.  For 
this  reason  it  is  certain  that  the  inhibitory  effects  obtained  on  the 
intestine  segment  were  not  due,  at  least  wholly,  to  epinephrin. 
It  is  not  often  that  this  circumstance  complicates  the  estimation 
of  the  concentration  of  epinephrin  by  the  segments  (this  experi- 
ment, indeed,  is  the  only  instance  in  the  series  recorded  in  this 
paper).     But  it  can  only  be  controlled  by  using  both  uterus  and 


Fig.  20.  Uterus  Tracings.     Bloods  from  Cat  with  Left  Adrenal  Excised 
AND  Nerve  Connections  of  Right  Semilunar  Ganglion  Cut  Fif- 
teen Weeks  before  Experiment 

Anesthetized  with  urethane.  At  19  Ringer  was  replaced  by  serum  of  adrenal 
blood  (a  small  sample  slowly  collected),  at  20  by  serum  of  jugular  blood;  both 
diluted  with  five  volumes  Ringer.  At  29  (with  another  segment)  Ringer  was 
replaced  by  serum  of  a  dog  diluted  with  three  volumes  Ringer;  at  SO  by  dog 
serum  to  which  adrenalin  had  been  added  to  make  up  1 :  10,000,000,  the  adrenalin 
serum  being  then  diluted  with  three  volumes  Ringer  before  application  to  the 
segment.  At  31  Ringer  was  replaced  by  undiluted  serum  of  the  cat's  adrenal 
blood.     (Reduced  to  one-half.) 

intestine  segments  for  the  tests.  Even  if  the  inhibition  of  the 
intestine  (figure  21)  caused  by  the  adrenal  serum  (observation  6) 
were  entirely  due  to  epinephrin,  the  concentration  in  the  senmi 
must  have  been  much  less  than  1: 10,000,000  (observation  14), 
and  in  the  blood  much  less  than  1 :  17,000,000.  If  we  take  the 
concentration  in  the  blood  even  at  1 :  20,000,000  this  would 
correspond  to  an  epinephrin  output  of  no  more  than  0.00001 
mgm.  per  minute  for  one  adrenal  (or  0.000007  mgm.  per  kilo- 
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gram  of  body  weight  per  minute  for  the  two  adrenals).  This 
is  not  more  than  one-thirtieth  to  one-fortieth  of  the  normal 
output  as  estimated  on  drawn  adrenal  blood  on  rabbit  segments, 
or  one-hundredth  of  the  normal  as  estimated  by  the  eye  reactions. 


Fig.  21.  Intestine  Tracings.    Bloods  from  Same  Cat  Used  for  Figure  20 

At  1  Ringer  was  replaced  by  serum  of  jugular  blood  and  this  at  2  by  serum  of 
adrenal  blood.  The  sera  in  observations  1  and  2  were  undiluted.  At  5  Ringer 
was  replaced  by  jugular  serum  and  this  at  6  by  adrenal  serum,  both  diluted  with 
an  equal  volume  of  Ringer.  At  9  Ringer  was  replaced  by  dog  serum  diluted  with 
an  equal  volume  of  Ringdl-  and  this  at  10  by  the  same  serum  made  up  to  1 :  3,000,- 
000  with  adrenalin,  and  then  diluted  with  an  equal  volume  of  Ringer  before  appli- 
cation to  the  segment.  At  13  Ringer  was  replaced  by  jugular  serum  and  this  at 
14-  by  jugular  serum  to  which  adrenalin  had  been  added  to  make  up  1 :  10,000,000. 
Both  jugular  serum  and  adrenalin  serum  were  diluted  with  an  equal  volume  of 
Ringer  before  application  to  the  segment.     (Reduced  to  one-half.) 

Experiment  11.  Condensed  protocol.  Cat.  Weight  3.06  kgni,  at 
the  time  of  the  operation,  4.14  kgin.  at  the  time  of  the  experiment. 
The  right  adrenal  gland  was  excised  and  the  nerves  coming  to  the  left 
semilunar  ganglion  cut  15  weeks  before  the  experiment.  The  left 
superior  cervical  ganglion  was  excised  8  days  before  the  experiment. 
Condition  excellent. 
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11.30  a.m.     4  grams  urethane. 

1.00  p.m.  Inserted  tracheal  and  jugular  cannulae.  Obtained  sample 
of  jugular  blood. 

1.20  p.m.     Made  cava  pocket,  with  cannula  in  a  renal  vein. 

2.05  p.m.     Pocket    experiment    2    minutes,     10    seconds.     Dubious 

reaction  of  left  pupil  and  nictitating. 
2.15  p.m.     Pocket  experiment  4  minutes.     Slight  dilatation  of  pupil 

in   16  to   18  seconds;   retraction  of  nictitating  about 

10  seconds  later. 
2.30  p.m.     Collected    blood    from    pocket    through    cannula.     Poor 

flow.     About  2   cc.   of  adrenal  blood   collected  in  20 

minutes. 
2.55  p.m.     Isolated  left  sympathetic  in  thorax  on  a  loose  ligature. 
3.00  p.m.     Pocket  experiment,  2  minutes,  35  seconds.     Small  dilata- 
tion of  pupil  in  26  seconds,  nictitating  following  10  to' 

12  seconds  later. 

3.06  p.m.     Pocket  experiment  3  minutes,  30  seconds.     Small  pupil 

dilatation  in  16  to  18  seconds,  and  nictitating  about  12 
seconds  later. 

3.13  p.m.     Tied  and  cut  left  sympathetic  in  thorax. 

3.15  p.m.  Pocket  experiment  4  minutes.  Slight  retraction  of  nictitat- 
ing in  32  seconds.     Pupil  reaction  doubtful. 

3.21  p.m.     Pocket  experiment,  5  minutes.     Very  slight  eye  reactions. 
3.29  p.m.     Peripheral    end    of   left    sympathetic    stimulated    for   25 

seconds  with  pocket  open.  Slight  instantaneous  dila- 
tation of  pupil.     No  other  pupil  reaction. 

3.35  p.m.     Stimulated  left  sympathetic  54  seconds.     No  eye  reactions. 

3.37  p.m.     Pocket  experiment  4  minutes.     No  eye  reactions. 

3.51  p.m.  Pocket  experiment  with  stimulation  of  left  sympathetic 
4  minutes.  Very  slight  but  definite  pupil  dilatation  in 
44  seconds  after  release  of  the  pocket,  very  slight  re- 
traction of  nictitating  following  about  9  seconds  later. 
Inserted  cannula  in  lower  end  of  pocket  and  obtained 
a  small  sample  of  adrenal  blood.  Right  adrenal  weighed 
0.186  gram  and  contained  0.23  mgm.  epinephrin. 
Left  adrenal  weighed  0.190  gram  and  contained  0.12 
mgm.  epinephrin. 

In  experiment  11,  slight  but  positive  eye  reactions  were  ob- 
tained, indicating  a  much  reduced,  but  still  detectable  liberation 
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of  epinephrin.  The  first  adrenal  blood  sample  was  found,  by  the 
the  segment  tests,  to  contain  approximately  1 : 5,000,000  epi- 
nephrin. This  concentration  would  be  rather  low  for  a  cat,  even 
%\'ith  a  normal  blood  flow,  and  is  very  low  for  the  small  flow  when 
the  sample  was  collected.  The  output  per  minute  could  not 
have  been  more  than  0.00002  mgm.  for  the  one  adrenal  (or 
0.00001  mgm.  per  kilogram  of  body  weight  per  minute  for  the 
two  adrenals).  This  is  not  more  than  one-twenty-fifth  of  the 
normal  output  as  estimated  on  drawTi  adrenal  blood  by  rabbit 
segments,  and  no  more  than  one-fiftieth  or  one-sixtieth  of  the 
normal  as  estimated  by  the  eye  reactions.  It  is  worthy  of  note 
that  the  section  of  the  left  sjTnpathetic  in  the  thorax  diminished 
the  already  sUght  eye  reactions  and  stimulation  of  the  nerve  in- 
creased them  slightly,  but  definitely.  In  this  cat,  then,  some  of 
the  secretory  fibers  in  the  sjTnpathetic  were  capable  at  this 
time  of  conduction.  It  is,  of  course,  impossible  to  say  whether 
these  were  regenerated  fibers  or  fibers  which  had  escaped  section 
when  the  nerves  coining  to  the  semilimar  ganglion  were  cut. 

Experiment  12.  Condensed  protocol.  Cat.  Weight  at  first  opera- 
tion 2.09  kgm.,  at  the  time  of  experiment  3.635  kgm.  The  right  adrenal 
was  excised  and  the  nerves  coming  to  the  left  semilunar  ganglion  cut 
15  weeks  before  the  experiment.  The  left  superior  cervical  ganglion 
was  excised  6  days  before  the  experiment.  Condition  excellent, 
11.00  a.m.     Urethane  4  grams. 

1.30  p.m.     Tracheal  cannula  inserted.     Pocket  made. 

2.10  p.m.  Pocket  experiment,  1  minute,  30  seconds  occlusion.  Good 
pupil  reaction  in  12  seconds  after  release  of  pocket, 
nictitating  4  seconds  later. 

2.27  p.m.  Pocket  experiment,  2  minutes.  Pupil  reaction  in  14 
seconds,  nictitating  10  seconds  later. 

2.31  p.m.    Pocket  experiment,  2  minutes.     Good  pupil  reaction  in 

14  seconds,  nictitating  10  seconds  later. 
Collected  adrenal  blood  through  cannula  in  lower  end  of  pocket. 
Flow   very   slow.     Poor   circulation.     About   3    cc.   collected   in   26 
minutes.     Isolated  left  sympathetic  in  thorax  on  loose  hgature. 
3.25  p.m.     Pocket  experiment,  2  minutes.     Slight  pupil  and  nictitat- 
ing reactions. 
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3.32  p.m.  Pocket  experiment,  2  minutes,  30  seconds.  Pupil  re- 
action in  28  seconds,  nictitating  6  seconds  later.  Tied 
and  cut  left  sympathetic  in  the  thorax. 

3.40  p.m  Pocket  experiment,  3  minutes.  Slight  pupil  reaction  in 
24.5  seconds.  No  nictitating.  Cut  right  sympathetic 
in  thorax. 

3.50  p.m.  Pocket  experiment,  3  minutes.  Slight  pupil  reaction  in 
26  seconds.     No  nictitating. 

3.55  p.m.  Pocket  experiment,  with  stimulation  of  left  sympathetic 
3  minutes.  About  the  same  reaction  as  at  3.50  (in 
26  seconds) . 

4.00  p.m.  Pocket  experiment,  3  minutes.  Slight  pupil  reaction  in 
30  seconds.     No  nictitating. 

4.05  p.m.  Pocket  experiment,  with  stimulation  of  left  sympathetic, 
3  minutes.  Smaller  pupil  reaction  than  at  4.00,  in 
36  seconds.  Blood  obtained  from  abdominal  aorta, 
with  pocket  -still  clipped  off.  Right  adrenal  weighed 
0.150  gram  and  contained  0.16  mgm.  epinephrin.  Left 
adrenal  weighed  0.164  gram  and  contained  0.09  mgm. 
epinephrin. 

The  eye  reactions  were  positive  in  experiment  12.  They  were 
not  diminished  by  section  of  the  sympathetics  in  the  thorax, 
nor  were  they  increased  by  stimulation  of  the  left  sympathetic. 
In  this  cat,  there  w^as  no  evidence  that  any  of  the  secretory 
fibers  in  the  sjonpathetic  were  at  this  stage  capable  of  conduc- 
tion. The  intestine  segment  tests  showed  that  the  adrenal 
vein  blood  contained  much  less  than  1 : 3,000,000  epinephrin 
(fig.  22),  and  not  far  from  1:6,000,000  (fig.  23).  The  uterus 
tests  confirmed  this  (fig.  24).  For  instance,  the  adrenal  blood 
diluted  with  5  volumes  Ringer  (observation  19),  gave  a  some- 
what smaller  increase  of  tone  than  1 :  6,000,000  adrenalin  made 
up  in  indifferent  blood  and  similarly  diluted.  The  flow  during 
collection  of  the  adrenal  specimen  was  slow,  doubtless  consider- 
ably slower  than  during  the  eye  tests.  The  output  of  epi- 
nephrin per  minute  was  0.00002  mgm.  for  the  one  adrenal 
(or  0.00001  mgm.  per  kilogram  of  body  weight  per  minute  for 
the  two  adrenals).  This  is  not  more  than  one-twentieth  of 
the  normal  output,   as  estimated  on  shed  adrenal  blood  by 
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Fig.  22.  Intestine  Tracings.     Bloods  from  Cat  with  Right  Adren.\l 
Excised  and  Nerve  Connections  of  Left  Semilunar  Ganglion 
Cut  Fifteen  Weeks  Before  Experiment 

Anesthetiaed  with  urethaae.  At  2  Ringer  was  replaced  by  arterial  blood,  and 
this  at  3  by  adrenal  blood  (a  small  sample  verj*  slowly  collected).  At  6  Ringer 
was  replaced  by  arterial  blood  and  this  at  7  by  arterial  blood  containing, 
1:  3,000,000  adrenalin.     (Reduced  to  two-thirds.) 


Fig.  23.  Intestine  Tkacings.    Bloods  from  Same  Cat  Used  for  Figure  22 

At  14  Ringer  was  replaced  by  arterial  blood  and  this  at  15  by  adrenal  blood, 
both  diluted  with  an  equal  volume  of  Ringer.  At  16  Ringer  was  replaced  by  ar- 
terial blood  diluted  with  one  volume  Ringer,  and  this  at  /7  by  arterial  blood  to 
which  adrenalin  had  been  added  to  make  up  1 :  6,000,000,  the  adrenalin  blood  being 
diluted  with  one  volume  Ringer  before  application  to  the  segment.  (Reduced 
to    two-thirds.) 
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Fig.  24.  Uterus  Tracings.    Bloods  from  Same  Cat  Used  tor  Figures  22 

AND  23 

At  19  Ringer  was  replaced  by  adrenal  blood  diluted  with  five  volumes  Ringer; 
at  20  by  arterial  blood  to  which  had  been  added  adrenalin  to  make  up  1 :  6,000,000, 
the  adrenalin  blood  being  then  diluted  with  five  volumes  Ringer  before  appli- 
cation to  the  segment.     (Reduced  to  one-half.) 

rabbit  intestine  segment  tests,  and  not  more  than  one-fortieth 
of  the  output,  as  estimated  by  eye  reactions. 

SUMMARY 

1.  We  showed  in  a  previous  paper,  by  the  blood  pressure  and 
eye  reactions,  that  after  section  of  the  nerve  supply  of  the  adrenal 
no  demonstrable  liberation  of  epinephrin  was  present  in  cats  as 
long  as  five  weeks  after  the  nerve  section. 

2.  As  it  is  easier  to  detect  very  small  concentrations  of  epi- 
nephrin by  the  rabbit  intestine  and  uterus  segments,  we  have  made 
a  series  of  survival  experiments  in  cats  in  which  these  tests  were 
used  to  supplement  the  eye  reactions.  In  all  the  animals  one 
adrenal  was  excised  and  the  nerves  of  the  other  cut. 

In  a  cat  tested  two  weeks  after  the  operation,  it  was  shown 
that  the  adrenal  blood  serum  could  not  have  contained  1 :  300- 
^00,000,  or  the  blood  1:400,000,000  of  epinephrin;  and  that  the 
nepr^oi;  hberation  of  epinephrin  could  not  have  been  at  most 
(or  O.OiQl  mgm.  per  minute  for  one  adrenal.  In  another  cat 
the  t^-yyeeks  after  the  operation  the  serum  of  the  adrenal  blood 
the  no.oved  to  contain  less  than  1 :  400,000,000  and  the  blood 
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less  than  1 :  700,000,000  epinephrin.  The  output  of  epinephrin 
per  minute  could  not  have  been  as  much  as  0.0000009  mgm.  per 
minute,  for  one  adrenal.  The  segments  used  for  the  tests  in 
these  experiments  were  extremely  sensitive,  and  the  limits  of 
adrenalin  concentrations  which  could  be  detected  with  certainty 
were  carefully  determined.  The  eye  reactions  were  negative. 
In  these  two  cats  the  rate  of  hberation  of  epinephrin,  if  any 
hberation  whatever  was  going  on,  must  have  been  several 
hundred  times  less  than  the  rate  in  normal  animals  under  the 
same  experimental  conditions. 

It  is  scarcely  necessary  to  point  out  that  experiments  yielding 
completely  negative  results  indicating  the  absence  of  epinephrin 
with  very  sensitive  test  objects  are  much  more  important  for 
the  questions  studied  than  experiments  in  which  small  amoimts 
of  epinephrin  can  still  be  detected.  For  it  is  impossible  to  be 
certain  that  when  a  Uttle  epinephrin  is  found  some  of  the  fibers 
concerned  in  the  hberation  may  not  have  escaped  section. 

3.  Since  these  animals  had  completely  recovered  from  the 
operation  and  behaved  in  every  way  Hke  normal  animals,  it 
must  be  concluded  that  the  hberation  of  epinephrin  from  the 
adrenals  is  not  indispensable  for  hfe  or  health,  unless  indeed 
the  necessary  quantity  is,  even  in  the  adrenal  vein  blood,  below 
the  limits  of  detection  by  the  methods  used.  The  epinephrin 
in  the  adrenal  blood  is  diluted  enormously  (probably  at  least 
one  hundred  times)  in  the  right  heart;  so  that  in  these  cats  the 
concentration  in  the  arterial  blood  could  not,  at  most  have  reached 
1 :  40,000,000,000  and  1 :  70,000,000,000,  respectively. 

If  the  hberation  of  epinephriri  is  totaUy  abohshed  by  division, 
in  the  dorsal  cord,  of  the  path  concerned  in  it,  as  our  experi- 
ments* on  the  Relation  of  the  Spinal  Cord  to  the  Spontaneous 
Liberation  of  Epinephrin  indicate,  this  corroborates  the  con- 
clusion that  epinephrin  is  not  indispensable,  since  numerous 
animals  and  men  have  long  sur\qved  such  lesions. 

4.  The  experiments  indicate  that  the  entire  hberation  of 
epinephrin  from  the  adrenals  is  controlled  by  nerves. 

*  Proc.  Soc.  Exp.  Biol,  and  Med.,  April  18,  1917;  Jour,  of  Ezper.  Med.,  xxvi, 
1917. 
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5.  In  some  of  the  other  cats  the  residual  output  of  epinephrin 
was  so  small  that  it  was  doubtful  whether  it  was  being  liberated 
at  all  in  detectable  amount.  In  all,  the  rate  of  liberation,  even 
where  a  definite  output  could  still  be  detected,  was  reduced  to  a 
small  fraction  of  the  normal. 

6.  In  a  number  of  acute  experiments  on  cats  and  dogs,  the 
reduction  in  the  output  of  epinephrin  after  section  of  the  various 
possible  nerve  paths  to  the  adrenals  was  studied.  In  all,  epi- 
nephrin was  still  found  in  detectable  amount  in  the  blood  coming 
from  the  adrenals,  although  the  rate  of  liberation  was  reduced 
to  a  small  fraction  of  the  initial  amount. 
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Relation  of  the  spinal  cord  to  the  spontaneous  liberation  of 

epinephrin. 

By  G.  N.  Stewart  and  J.  M.  Rogoff. 

[From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine, 
School  of  Medicine,  Western  Reserve  University,  Cleveland.] 

1.  In  acute  experiments  on  cats,  anesthetized  with  urethane, 
section  of  the  spinal  cord  in  the  cervical  region  caused  no  demon- 
strable diminution  in  the  rate  of  liberation  of  epinephrin  from  the 
adrenals  as  tested  by  allowing  the  adrenal  blood  collected  in  a 
cava  pocket  to  elicit  eye-reactions  (after  preliminary  excision  of 
the  superior  cervical  ganglion).  Four  such  experiments  were 
made.  The  cord  section  in  one  of  these  was  between  the  third 
and  fourth  cervical  vertebrae,  in  another  opposite  the  body  of  the 
fourth  cervical  vertebrae,  in  a  third  just  below  the  body  of  the 
fifth  cervical  vertebra,  and  in  a  fourth  cat  between  the  fifth  and 
sixth  cervical  vertebrae.  In  the  second  of  these  animals  the  blood 
was  collected  from  the  adrenal  vein  before  and  after  section  of  the 
cord.  The  epinephrin  assay  (by  rabbit  intestine  segments)  gave 
the  same  output  of  epinephrin  per  minute  after  as  before  the 
section.  The  blood  flow  from  the  adrenals  was  much  slower  after 
the  section,  but  was  correspondingly  richer  in  epinephrin. 

2.  In  two  survival  experiments  the  cord  was  cut  in  the  cervical 
region  (in  one  just  above  the  body  of  the  last  cervical  vertebra, 
in  the  other  at  the  level  of  the  body  of  that  vertebra).  In  the 
first  cat,  the  superior  cervical  ganglion  had  been  previously  excised. 
Two  days  after  the  cord  section  adrenal  blood  was  tested  by  the 
cava  pocket  method  and  gave  good  eye  reactions,  indicating 
a  fairly  good  liberation  of  epinephrin  (at  least  0.0004  nigm. 
per  minute).  In  the  second  experiment  blood  was  drawn  three 
days  after  the  cord  section  and  tested  on  rabbit  intestine  and 
uterus  segments.  Good  concentrations  of  epinephrin  were  found 
(i  :  1,500,000  in  the  fourth  adrenal  sample,  more  than  i  :  2,500,000 
and  less  than  i  :  1,500,000  in  the  second  adrenal  sample).     Al- 
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though  the  blood  flow  was  small  (0.3  gm.  per  minute  for  the  second 
sample)  a  substantial  liberation  of  epinephrin  was  demonstrated. 

3.  In  one  acute  experiment,  the  spinal  cord  was  cut  between 
the  fifth  and  sixth  cervical  vertebrae.  The  pupil  reaction  was  not 
noticeably  diminished.  The  cord  was  then  severed  between  the 
fourth  and  fifth  dorsal  vertebrae.  The  pupil  reaction  could  no 
longer  be  obtained.  When  the  cord  was  now  stimulated  with 
induction  shocks  between  the  fifth  and  sixth  dorsal  vertebrae, 
and  blood  collected  in  the  cava  pocket  during  stimulation,  good 
eye  reactions  were  elicited  on  releasing  the  pocket. 

4.  In  one  survival  experiment,  the  cord  was  cut  between  the 
fifth  and  sixth  dorsal  vertebrae.  Three  days  afterwards  the  adrenal 
vein  blood  was  tested  by  the  cava  pocket  method  but  no  eye 
reactions  could  be  obtained.  The  pupil  gave  a  good  reaction  with 
0.2  c.c.  of  I  :  500,000  adrenalin.  On  intestine  segments  negative 
results  were  obtained  with  adrenal  blood,  although  a  concentration 
of  I  :  60,000,000  adrenalin  in  indifferent  blood  caused  a  distinct 
effect.  It  was  shown  that  the  adrenal  vein  blood  could  not  have 
contained  i  :  100  000,000,  and  that  the  discharge  of  epinephrin 
per  minute  could  not  have  been  at  most  0.000003  mgin.,  that  is, 
not  one  hundredth  of  the  output  to  be  expected  in  a  normal  cat 
under  the  experimental  conditions.  It  was  not  demonstrated  that 
any  epinephrin  was  present. 

5.  In  three  of  the  cats  with  the  cervical  card  transected  (i 
survival,  and  2  acute  experiments),  the  effect  on  the  eye  reactions 
of  severing  nerves  containing  the  fibers  concerned  in  the  liberation 
of  epinephrin  (sympathetics  and  splanchnics  in  thorax,  splanch- 
nics  in  abdomen,  and  other  nerves  coming  to  semilunar  ganglion, 
lumbar  sympathetic  chain)  was  studied.  The  eye  reactions  still 
obtainable  from  the  adrenal  blood  after  the  cervical  section  were 
greatly  weakened  or  abolished  after  the  division  of  those  nerves. 

6.  It  seems  to  follow  from  these  observations,  that  liberation 
of  epinephrin  from  the  adrenals  is  still  sustained  after  division  of 
the  cord  in  the  cervical  region  at  the  levels  mentioned,  and  that 
this  liberation  takes  place  through  the  splanchnic  and  other 
nerves  known  to  be  concerned  when  the  spinal  cord  is  still  con- 
nected with  the  brain.  The  contrast  between  the  epinephrin 
output  when  the  cervical  cord  has  been  divided  and  when  the  dorsal 
cord  has  been  divided  at  the  levels  mentioned  is  very  great. 
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V 

The  demonstration  of  the  complete  dependence  of  the  spontaneous 
liberation  of  epinephrin  from  the  adrenals  upon  the  integrity  of  their 
nerve  supply  natiurally  raises  the  question  where  the  central  mechan- 
ism which  sustains  this  secretion  is  situated.  We  are  not  aware  of 
the  existence  of  evidence  upon  this  point.  EUiott's  statement^  that 
exhaustion  of  the  store  of  epinephrin  in  the  adrenals  b'  electrical 
excitation  of  afferent  nerves  does  not  occur  if  the  cord  is  transected 
anywhere  below  the  level  of  the  vasomotor  center  in  the  medulla  ob- 
longata, but  does  occur  when  transection  of  the  brain-stem  is  made 
just  above  the  anterior  corpora  quadrigemina,  has  no  direct  bearing 
on  the  question.  For  it  has  not  been  proved  that  the  exhaustion  of 
the  store  is  due  entirely  or  mainly  to  increase  in  the  rate  of  Uberation  of 
epinephrin,  on  which  Elliott  made  no  observations.  A  change  in  the 
amount  of  the  store  of  epinephrin  would  merely  show  that  some 
alteration  had  occurred  in  the  relation  between  the  rate  of  formation 
and  the  rate  of  discharge  of  the  epinephrin.  Nor  would  such  obser- 
vations even  if  they  were  accepted  as  proving  an  increase  in  the  lib- 
eration brought  about  reflexly  through  a  center  in  the  bulb  or  higher 
up,  give  any  indication  whether  the  steady  spontaneous  liberation  of 
epinephrin  is  sustained  from  a  center  at  this  level.    Absence  of  effect 

*  A  note  on  this  work  was  published  in  the  Proc.  Soc.  Exp.  Biol,  and  Med., 
1916-17,  xiv,  143. 

»  Elliott,  T.  R.,  /.  Physiol,  1912,  xliv,  407. 
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of  aflferent  stimulation  upon  the  epinephrin  store  after  section  of  the 
cord  just  below  the  bulb  likewise  affords  no  indication  whatever  that 
the  rate  of  spontaneous  liberation  of  epinephrin  has  been  interfered 
with.  As  a  matter  of  fact,  we  have  found  in  cats  that  after  transec- 
tion of  the  cord  at  various  levels  in  the  cervical  region,  the  secretion 
of  epinephrin  into  the  blood,  far  from  being  abolished,  proceeds  with- 
out interruption.  The  rate  of  Hberation  may  even  remain  sensibly 
the  same,  within  the  limits  of  error  of  the  methods  used  for  estimating 
it,  as  before  the  section.  This  is  illustrated  in  Experiment  1,  in 
which  adrenal  blood  was  obtained  from  a  cava  pocket  before  and 
after  section  of  the  cord  opposite  the  body  of  the  fourth  cervical 
vertebra,  between  the  fourth  and  fifth  cervical  segments. 

Experiment  1.     Condensed  Protocol. — Cat;  weight  2.31  kilos. 

The  animal  received  4  gm.  of  urethane  by  stomach  tube  at  12.30  p.m.,  and 
2  gm.  at  2.00  p.m. 

2.15  p.m.  Tracheal  and  jugular  cannulas  were  inserted  and  a  specimen  of 
jugular  blood  was  obtained.  The  cord  was  exp)osed  for  about  a  segment  in  the 
midcervical  region.  A  short  cava  pocket  was  then  made,  all  the  arteries  (renal, 
celiac,  and  superior  mesenteric,  and  abdominal  aorta)  being  tied.  Artificial 
respiration  was  started  while  the  animal  was  breathing  well  spontaneously,  and 
collection  of  blood  from  the  adrenals  begun. 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gih. 

1 

2 

■    20  sec. 

6.6 

2 

10 

2  min. 

5.0 

3 

2.8 

2     "     30     " 

1.2 

4 

2.9 

4     " 

0.7 

5 

2.4 

4     "     15     " 

0.6 

6 

4.5 

6    "     10     " 

0.7 

7 

3.3 

7     "     10     " 

0.5 

8 

2.1 

7     "     10     " 

0.3 

After  collection  of  the  second  adrenal  specimen  the  cord  was  cut  completely 
at  the  level  of  the  body  of  the  fourth  cervical  vertebra,  between  the  fourth  and 
fifth  segments,  as  verified  post  mortem.  After  collection  of  the  sixth  adrenal 
specimen  it  was  verified  that  the  section  of  the  cord  was  complete.  After  collec- 
tion of  the  eighth  specimen,  while  the  pocket  was  stiU  clipped  off,  blood  was 
obtained  from  the  abdominal  aorta.  The  proportion  of  corpuscles  in  the  blood 
(hematocrit)  was  25.5  per  cent.     Combined  weight  of  adrenals  0.440  gm. 
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In  Figs.  1  to  3  are  reproduced  some  of  the  "tracings  from  the  rabbit 
intestine  and  uterus  segments  on  which  the  blood  specimens  were 
tested.  At  2  (Fig.  1)  the  Ringer's  solution  in  which  the  intestine  seg- 
ment was  beating  was  replaced  by  indifferent  (jugular)  blood,  and 
this  at  3  by  the  second  adrenal  blood  specimen,  collected  just  before 
transection  of  the  cord.  The  inhibition  of  the  intestine,  and  there- 
fore the  concentration  of  epinephrin  in  the  blood,  was  obviously  much 
less  than  with  the  sixth  adrenal  specimen,  collected  after  section  of 
the  cord  (Observation  7).  The  inhibition  produced  by  the  sixth 
specimen  was  less  than  that  produced  by  the  eighth  (Observation 
10).  The  progressive  increase  in  the  concentration  is  associated  with 
the  progressive  slackening  in  the  blood  flow  in  successive  samples. 
This  is  a  phenomenon  always  observed  in  animals  with  intact  central 
nervous  system  when  the  rate  of  flow  happens  to  be  diminishing,  and  it 
is  undoubtedly  due  to  the  fact  that  the  rate  of  Hberation  of  epinephrin 
per  unit  of  time  remains  approxiinately  constant,  at  least  for  consider- 
able periods,  under  the  experimental  conditions.  The  mere  inspection 
of  these  tracings  is  of  itself  sufl&cient  to  show  that  section  of  the  cord 
at  the  level  mentioned  cannot  have  caused  any  very  great  change  in  the 
rate  of  Hberation  of  epinephrin.  Figs.  2  and  3  are  some  of  the  trac- 
ings taken  to  assay  the  concentration  of  epinephrin  in  the  second  adre- 
nal blood  specimen  and  in  the  eighth  specimen,  collected  resp>ectively 
before  and  after  the  cord  section.  The  adrenalin  used  for  the  epi- 
nephrin assays  was  always  freshly  assayed  colorimetrically.  It  was 
found  that  the  concentration  in  the  second  specimen  was  approxi- 
mately 1:13,000,000  (Fig.2,  Observations  36  and  38),  an  imusual  de- 
gree of  dilution  corresponding  to  the  unusually  high  rate  of  blood  flow, 
associated  vdth.  the  high  blood  pressure  before  division  of  the  cord, 
which  is  generally  seen  when  all  the  arteries  mentioned  in  the  pro- 
tocol have  been  ligated.  The  concentration  in  the  eighth  specimen 
was  much  greater  than  1: 1,600,000,  and  sHghtly  less  than  1:  800,000 
(Fig.  3,  Observations  20,  22,  and  24).  The  blood  flow  after  section 
of  the  cord  dropped  abruptly,  owing  to  paralysis  of  vasoconstrictors 
in  spite  of  the  pre\dous  Hgation  of  arteries.  It  will  be  noted  that  the 
blood  flow  during  collection  of  the  eighth  specimen  was  only  one- 
sixteenth  or  one-seventeenth  as  great  as  during  collection  of  the  second 
specimen,  while  the  concentration  of  epinephrin  in  the  eighth  specimen 
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was  approximately  sixteen  times  as  great  as  in  the  second.  In  other 
words,  the  output  of  epinephrin  (0.0004  mg.  per  minute)  was  not 
altered  by  the  cord  section. 

It  might  be  objected  that  the  small  blood  flow  during  collection  of 
the  eighth  specimen  was  not  sufi&cient  to  prevent  partial  asphyxia 
of  the  adrenals,  and  that  by  some  direct  effect  of  this  condition  on  the 
cells  of  the  medulla  an  abnormal  liberation  of  epinephrin,  not  medi- 
ated through  the  nervous  system,  took  place.  This  objection  is 
entirely  without  weight.  For  with  even  smaller  flows  through  adre- 
nals whose  innervation  has  been  interrupted  no  such  liberation  oc- 
curs.2  After  all,  a  flow  of  about  100  gm.  of  blood  per  100  gm.  of  tis- 
sue, although  small  for  the  adrenal,  is  scarcely  a  starvation  allowance. 

It  might  much  more  plausibly  be  argued  that  the  calculated  output 
of  epinephrin  for  the  eighth  specimen  is  likely  to  be  less  than  the  true 
rate  after  section  of  the  cord,  provided  that  the  blood  flow  had  not 
diminished.  For  it  is  quite  unusual  to  find  under  any  circumstances 
in  adrenal  blood  collected  in  a  cava  pocket  a  much  greater  concentra- 
tion than  1:  1,000,000.  If,  then,  with  a  declining  rate  of  blood  flow 
the  maximum  possible  concentration  has  once  been  reached,  the  rate 
of  liberation  calculated  for  smaller  flows  will  be  less  than  the  gland 
is  capable  of  sustaining  under  the  given  experimental  conditions  with 
a  more  copious  flow  of  blood.  However,  it  is  only  when  the  calculated 
rate  of  liberation  for  the  smaller  flow  is  much  less  than  for  the  larger 
flow,  that  any  such  question  could  arise.  When  with  a  relatively 
small  blood  flow  the  calculated  output  of  epinephrin  per  minute  is 
as  great  as  with  a  larger  flow  all  our  experience  goes  to  show  that 
the  rate  of  output  calculated  from  the  concentration  and  the  blood 
flow  can  be  legitimately  compared  for  a  wide  range  of  blood  flows 
lying  above  this  smallest  flow. 

In  the  next  experiment,  the  cord  was  transected  at  a  sHghtly 
higher  level  between  the  third  and  fourth  cervical  vertebrae,  through 
the  fourth  segment  just  above  the  origins  of  the  fourth  pair  of  cer- 
vical nerves,  as  shown  at  autopsy.  The  spontaneous  Hberation  of 
epinephrin  was  studied  by  means  of  the  eye  reactions,  the  superior 

2  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17, 
xiv,  145;  Marine,  D.,  and  Rogoflf,  J.  M.,  J.  Pharm.  and  Exp.  Therap.,  1916-17, 
ix,  1. 
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cervical  gangKon  having  been  previously  excised.  The  eye  reactions 
were  employed  because  they  afforded  a  convenient  means  of  investi- 
gating the  effects  of  section  of  the  nerves  going  to  the  adrenals  upon 
the  spontaneous  Hberation  after  section  of  the  cervical  cord. 

Experiment  2.  Condensed  Protocol. — Cat;  weight  2.19  kilos.  Left  superior 
cervical  ganglion  excised  6  days  before  the  experiment. 

9.30  a.m.    4  gm.  of  urethane  given  by  stomach  tube. 

10.30  a.m.  Tracheal  cannula  inserted  and  cervical  cord  exposed  between  the 
third  and  fourth  vertebrae.  Cava  pocket  made,  abdominal  aorta  and  renal  vessels 
being  tied. 

11.15  a.m.    Started  artificial  respiration. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

a.m. 
11.20 

Pocket  experiment. 

2  min.,  40  sec. 

None. 

11.25 

«              «                         , 

5    " 

Small;  in  40-^5  sec. 

11.32 

«              « 

4    "     30    " 

"      "  31  sec 

11.45 

Spinal  cord  cut  just  above 
body  of  fourth  cervical  ver- 
tebra. 

11.46 

Pocket  experiment. 

6  min.,  40  sec 

Fair;    in  34  sec. 

11.55 

«              « 

4    "     15    " 

Small;  "  36     " 

t-m- 

12.02 

«              « 

4    "     15    " 

"     "  35     " 

12.10 

Tied  intestinal  arteries;  cut 
major  and  minor  splanch- 
nics  on  both  sides  in  abdo- 
men. 

12.15 

Pocket  experiment. 

6  min.,  15  sec. 

Small;  in  38-40  sec. 

12.25 

«                « 

6    "     12    " 

"     "  43  sec. 

12.35 

Cut    both    sympathetics    in 
thorax  (including  splanch- 
nics)  below  last  rib. 

12.40 

Pocket  experiment. 

6  min.,  10  sec. 

None. 

12.50 

«              « 

10    "     30    " 

« 

The  pocket  filled  very  slowly  throughout  the  experiment;  the  heart  was  feeble. 

In  this  experiment,  as  will  be  seen  from  the  protocol,  section  of  the 
cord  at  the  level  mentioned  caused  no  noteworthy  change  in  the  eye 
reaction,  certainly  no  clear  diminution.  The  circulation  was  poor 
both  before  and  after  the  section.  The  cava  pocket  filled  slowly  and 
the  interval  between  the  release  of  the  pocket  and  the  beginning  of 
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the  pupil  dilatation  was  correspondingly  long.  Yet  approximately  the 
same  time  of  collection  was  required  to  evoke  a  reaction  of  given 
magnitude  before  and  after  section  of  the  cord.  After  division  of  the 
splanchnics  in  the  abdomen  and  the  sympathetic  trunks  in  the  thorax 
no  eye  reactions  could  be  obtained,  even  with  much  longer  periods  of 
collection  in  the  pocket;  that  is,  the  Kberation  of  epinephrin  after  sec- 
tion of  the  cord  must  have  been  sustained  from  some  part  of  the  cord 
below  the  fourth  cervical  segment,  and  through  the  same  nerves  as 
with  intact  central  nervous  system. 

It  may  be  explained  here  that  even  when  the  cava  pocket  has  been 
kept  closed  for  so  long  a  period  that  it  is  imable  to  receive  any  more 
adrenal  vein  blood,  there  is  good  evidence  that  the  output  of  epinephrin 
still  goes  on  into  the  blood  of  the  adrenal  capillaries  at  an  approxi- 
mately constant  rate;  and  that  when  the  pocket  is  released  the  full 
effect  of  this  epinephrin  is  exerted  in  ehciting  the  eye  reactions  or 
increasing  the  blood  pressure,  just  as  if  the  blood  had  actually  passed 
into  the  pocket.  So  that  in  the  course  of  an  experiment,  the  reactions 
evoked  when  a  pocket  cHpped  off  for  a  given  length  of  time  is  released 
are  substantiaDy  of  the  same  magnitude,  whether  the  pocket  has 
been  overfiUed  or  underfilled  in  that  time.  Of  course,  the  interval 
after  which  the  reactions  occur  is  greatly  influenced  by  the  rate  of  the 
circulation,  since  the  epinephrin-containing  blood  released  from  the 
pocket  wiU  take  longer  to  reach  the  reacting  structures  with  a  slow 
than  with  a  rapid  blood  flow.  With  a  very  slow  flow,  also,  the  blood 
collected  in  a  pocket  may  be  so  small  in  amount  that  it  is  not  promptly 
or  completely  passed  into  the  circulation  on  release  of  the  pocket.  It 
is  further  to  be  expected  that  below  a  certain  rate  of  flow  the  function 
of  the  adrenal  medullary  cells,  as  already  suggested,  will  be  interfered 
with.  In  that  case,  the  steadiness,  for  given  conditions,  in  the  out- 
put of  epinephrin  per  unit  of  time,  which  is  so  strikingly  manifested 
over  a  wide  range  in  the  rate  of  the  blood  flow,  will  no  longei:  be 
maintained.  Our  experience  shows,  however,  that  this  point  is  not 
easily  reached. 

In  the  next  experiment  transection  was  made  about  two  segments 
lower  in  the  cervical  cord,  in  order  to  localize  more  sharply  the  level 
of  the  cord  concerned  in  the  spontaneous  secretion  of  epinephrin. 
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Experiment  3.  Condensed  Protocol. — Cat;  weight  3.175  kilos.  Recent  parturi- 
tion.   Left  superior  cervical  ganglion  excised  1  week  before  the  experiment. 

9.45  a.m.    4  gm.  of  urethane. 

10.45  a.m.  Tracheal  cannula  inserted  and  cervical  cord  exposed  between  fifth 
and  sixth  vertebrae.  Cava  pocket  prepared;  intestinal  and  renal  arteries  and 
abdominal  aorta  tied. 

11.30  a.m.  Left  pupil  wider  than  right,  both  nictitating  membranes  forward; 
cat  breathing  quite  well,  but  for  vmiformity  of  observations  artificial  respiration 
was  started. 


Time. 

Duration  of  pocket. 

PupU  dilatation,    ^^^^^i^^^' 

a.m. 
11.40 

Pocket  experiment. 

1 

min.,  30  sec. 

Doubtful. 

None. 

11.42 

«                « 

2 

"     30     " 

None. 

« 

11.45 

«                « 

3 

"     45     " 

« 

l€ 

11.50 

«                « 

5 

tt 

« 

U 

f.m. 

— 

12.05 

Pocket  experiment.*  Cord 
stimulated  with  needle 
electrodes  one  segment 
below  the  exposed  fMirt 
for  3  min. 

3 

« 

« 

U 

12.15 

Left     sympathetic     and 
vagus  cut  in  neck. 

12.17 

Right    sjTnpathetic    cut 
in  neck. 

12.20 

Pocket  experiment. 

5  min.,  30  sec. 

Very  good;  in 

Very   good;    10 

10  sec. 

sec. 

12.26 

«                « 

1 

u 

Good;  in  15  sec. 

Good;  15  sec. 

12.30 

«                « 

2 

u 

Very  good;  in 
10.8  sec. 

Very  good;  10.8 
sec. 

12.37 

Spinal  cord  cut  just  be- 
low body  of  fifth  cervi- 
cal vertebra. 

12.41 

Pocket  experiment. 

2 

min. 

Very  good;  in 
15  sec. 

Very  good;  15 
sec. 

12.45 

«               It 

1 

« 

Good;  in  18.6     Good, 
sec. 

*With  each  period  of  stimulation  both  pupils  dilated  instantaneously,  and 
proportionally  to  the  same  extent,  but  the  left  pupil  still  remained  wider  than  the 
right.  After  section  of  both  cervical  sympathetics,  stimulation  of  the  cord  still 
caused  dilatation  of  both  pupils.  At  autopsy  it  was  found  that  the  cord  had  been 
cut  between  the  fiith  and  sixth  cervical  segments. 
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Time. 

Durationof  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

p.m. 

12.50 

Major        and        minor 
^lanchnics    in    abdo- 
men cut  on  both  sides. 

12.53 

Pocket  experiment. 

2  min. 

None. 

None. 

12.56 

«                « 

5     " 

Slight;  in  20-25 

« 

1.05 

Right  semilunar  ganglion 
excised;  nerves  coming 
to    left    ganglion    cut. 
Circulation        getting 
feeble. 

sec. 

1.12 

Pocket  experiment. 

5  min.,  30  sec. 

None. 

None. 

1.25 

«                « 

9    "     30     " 

Slight;  in  60-90 
sec. 

Slight. 

1.47 

t<               « 

24    " 

Slight;  in  40-45 
sec. 

2.25 

«                (( 

25    " 

None. 

None. 

3.05 

with 
massage  of  adrenals. 

15     " 

« 

« 

3.30 

Injected  0.5  cc.  of  1:1,- 
600,000  adrenalin. 

• 

« 

« 

3.35 

Injected  0.5    cc.    of    1: 
270,000  adrenalin. 

Slight;  in  40-50 
sec. 

Slight. 

In  this  animal  the  denervated  eye  reactions  were  employed  and  an 
interesting  preliminary  observation  was  made  upon  them  without 
some  reference  to  which  the  first  part  of  the  protocol  would  probably 
appear  as  puzzling  to  the  reader  as  the  observations  did  to  us  when 
they  were  being  made.  The  left  superior  cervical  ganglion  had 
been  excised  a  week  before  the  experiment.  The  eye  reactions  ought, 
therefore,  to  have  been  easily  obtained  in  the  pocket  experiments 
made  between  11,40  and  12.05  before  section  of  the  cord.  In  the 
numerous  observations  made  by  us,  we  have,  apart  from  this  experi- 
ment, scarcely  ever  had  a  negative  result,  especially  with  a  duration 
of  occlusion  of  the  pocket  as  long  as  5  minutes,  and  with  the  good 
blood  flow  and  satisfactory  filling  of  the  pocket  which  existed  in  this 
cat.  It  was  conceivable,  of  course,  that  for  some  reason  the  adrenals 
might  have  been  giving  off  much  less  epinephrin  than  usual;  or  that 
the  reactions  of  the  iris,  etc.,  might  have  been  unduly  depressed  by 
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the  anesthetic,  although  there  was  nothing  in  the  behavior  of  the 
animal  to  indicate  that  the  urethane,  -a  very  uniform  anesthetic,  as  is 
well  known,  had  affected  this  animal  at  aU  differently  from  any  of 
the  others.  Desiring  to  increase  the  output  of  epinephrin  to  the 
maximum,  we  stimulated  the  cord  with  needle  electrodes,  hoping 
thus  to  strike  the  secretory  path,  but  again  with  a  negative  result  as 
regards  the  eye  reaction.  Even  with  the  collection  of  adrenal  blood  in 
the  pocket  for  as  long  as  3  minutes  during  stimulation  no  eye  reac- 
tions were  obtained.  Stimulation  of  the  cord,  however,  caused  im- 
mediate dilatation  of  the  pupils  of  both  eyes.  This  dilatation  was 
still  ehcited  after  section  of  both  vago-sympathetics  in  the  neck,  and 
may  be  attributed  to  stimulation  of  afferent  fibers  in  the  cord.  But 
the  interesting  point  was  that  after  section  of  the  cervical  sympathetics 
excellent  eye  reactions  were  now  evoked  with  collections  of  adrenal 
blood  in  the  cava  pocket  much  shorter  than  those  which  gave  a  nega- 
tive result  before  division  of  the  nerves.  The  most  probable  conclu- 
sion would  seem  to  be  that  some  small  part  of  the  superior  cervical 
ganglion  had  escaped  excision,  and  that  the  innervation  of  the  eye 
through  the  cervical  sympathetic  was  not  entirely  interrupted, 
although  it  was  impossible  to  verify  this  at  autopsy  on  account  of  scar 
tissue.  The  change  in  the  sensitive  structures  of  the  iris  and  nicti- 
tating membrane,  on  which  the  increased  power  of  reaction  to  adre- 
nalin depends,  must  be  assiuned  to  have  developed  as  usual  after 
removal  of  the  gangHon,  although  prevented  from  manifesting  itself, 
even  in  the  presence  of  a  quantity  of  epinephrin  more  than  sufl&cient 
to  evoke  good  reactions,  until  the  control  of  the  remaining  sympa- 
thetic fibers  was  removed. 

It  will  be  seen  from  the  protocol  that  after  section  of  the  cord  be- 
tween the  fifth  and  sixth  cervical  segments  excellent  pupil  and  nic- 
titating membrane  reactions  were  stiU  obtained.  The  reactions  were 
not  noticeably  less  for  equal  periods  of  collection  of  blood  in  the 
pocket  than  before  the  section,  although  the  interval  after  which 
they  occurred  was  somewhat  lengthened,  corresponding  to  the  slower 
blood  flow.  Subsequent  division  of  the  major  and  minor  splanchnics 
in  the  abdomen  greatly  weakened  the  reactions  and  increased  the 
time  of  collection  necessary  to  ehcit  even  a  feeble  response.  Further 
section  of  fibers  coming  to  the  adrenals  abolished  the  reactions  even 
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with  very  long  periods  of  collection.  This  was  not  due  to  total  loss 
of  sensitiveness  of  the  reactive  structures  in  the  eye.  For  even  at 
the  end  of  the  experiment  a  slight  but  definite  response  was  still  ob- 
tained on  injection  of  0.002  mg.  of  adrenalin. 

As  a  first  approximation  towards  defining  the  lower  limit  of  the 
region  of  the  cord  concerned  in  the  spontaneous  Hberation  of  epi- 
nephrin  the  following  experiment  was  performed,  both  eye  reactions 
and  rabbit  segment  tests  being  employed. 

Experiment  4.  Condensed  Protocol. — Cat;  weight  1.72  kilos.  Left  superior 
cervical  ganglion  excised  8  days  before  the  experiment. 

10.00  a.m.    3.5  gm.  of  urethane. 

11.20  a.m.  Tracheal  cannula  inserted.  Cervical  and  dorsal  cord  exposed  for 
about  a  segment  at  each  point.  Long  cava  pocket  made  and  arteries  (renal, 
celiac,  mesenteric,  and  abdominal  aorta)  tied. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

p.m. 
12.15 

Pocket  experiment. 

1  min.,  10  sec. 

Good;Ln  8.8  sec. 

Positive;  11  sec. 

12.18 

It               11 

2     " 

Very  good;  in 
8.8  sec. 

Very  good;  8.8 
sec. 

12.22 

Cut  cord  between  fifth 
and  sixth  cervical  ver- 
tebrae. 

12.32 

Pocket  experiment. 

1  min.,  45  sec. 

Very  good;  in 
10.8  sec. 

Very  good  (a  Ut- 
ile later). 

12.35 

<(                « 

2    " 

Very  good;  in 
11.2  sec. 

Very  good  (a  lit- 
tle later). 

12.40 

Cut  cord  at  fourth  dorsal 
vertebra. 

12.49 

Pocket  experiment. 

2  min. 

None. 

None. 

12.55 

In  the  last  two  pocket 
observations  the  filling 
was    slower    than   be- 
fore. 

3    " 

« 

« 

1.07 

Pocket  experiment  with 

3  min. 

Very  good;  in 

Very  good;  20.2 

stimulation  of  cord  be- 

20.2 sec. 

sec. 

tween  fifth  and  sixth 

dorsal  vertebrae. 

1.20  p.m.     Put  cannula  in  lower  end  of  cava,  making  a  short  pocket,   and 
collected  two  specimens  of  adrenal  blood.     First  specimen,  1.6  gm.  in  5  min., 


G.   N.   STEWART  AND  J.  M.   ROGOFF  623 

45  sec.  (0.3  gm.  per  min.);  second  specimen,  3.7  gm.  in  20  min.  (0.2  gm.  per 
min.).  With  the  pocket  still  clipped  off,  blood  was  obtained  froni  the  abdom- 
inal aorta. 

The  left  adrenal  weighed  0.214  gm.  and  contained  0.12  mg.  of  epinephrin;  the 
right  adrenal  weighed  0.238  gm.  and  contained  0.12  mg.  of  epinephrin. 

The  experiment  shows  that  after  transection  of  the  cord  between 
the  fifth  and  sixth  cervical  vertebrae  (through  the  fifth  cervical  seg- 
ment, just  below  the  fifth  pair  of  ner\^e  roots,  as  found  at  autopsy)  the 
eye  reactions  were  elicited  by  the  adrenal  blood,  apparently  in  the  same 
strength  for  a  given  time  of  closure  of  the  cava  pocket  as  before  the 
section,  although  the  interval  between  release  of  the  pocket  and  the 
beginning  of  the  pupil  dilatation  was  somewhat  lengthened,  as  would 
necessarily  be  the  case  owing  to  the  lowered  blood  pressure  and  di- 
minished speed  of  the  blood.  When  the  cord  was  now  cut  between 
the  fourth  and  fifth  dorsal  vertebrae  (between  the  third  and  fourth 
segments,  as  shown  at  autopsy)  no  eye  reactions  could  be  obtained 
even  with  longer  periods  of  occlusion  of  the  pocket  than  sufiSced  to 
cause  excellent  reactions  just  before.  That  the  negative  result  was 
not  due  to  diminished  blood  flow,  but  that  the  adrenals  were  still 
capable  of  secreting  epinephrin  actively,  was  proved  by  stimulating 
the  cord  electrically  by  needle  electrodes  inserted  one  above  the  fifth, 
and  the  other  above  the  sixth  dorsal  spine  while  the  adrenal  blood  was 
being  collected  in  the  pocket.  Very  good  eye  reactions  followed  the 
opening  of  the  pocket,  naturally  after  a  longer  interval  than  before 
the  dorsal  section,  corresponding  to  the  slower  blood  flow.  The  adre- 
nal blood  specimens  now  drawn  off  were  so  small  that  it  was  not 
quite  certain  whether  some  of  the  epinephrin  in  them  might  not  have 
been  hberated  during  the  manipiflations  in  inserting  the  cannula. 
Despite  this,  however,  the  concentration  found  even  in  the  first  speci- 
men was  somewhat  less  than  1 :  17,000,(KX),  corresponding  to  an  output 
of  epinephrin  per  minute  of  0.(XXX)2  mg.;  that  is,  far  below  any  con- 
centration or  output  ever  met  with  in  the  cat  with  intact  adrenal 
innervation. 

The  experiments  next  to  be  considered,  in  which  the  animals  were 
allowed  to  survive  2  or  3  days  after  the  cord  section'  before  the  epi- 
nephrin output  was  tested,  so  that  any  possible  irritative  discharge 

*  All  the  operations  were  performed  xmder  ether  anesthesia. 
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might  be  eliminated,  yield  clear  evidence  that  transection  of  the 
dorsal  cord  at  the  level  mentioned  in  the  last  experiment,  or  even  a 
segment  higher  reduces  the  rate  of  Hberation  almost  to  zero.  Tran- 
section one  segment  lower  abob'shed  the  Hberation  entirely,  or  at  least 
reduced  it  so  much  that  no  epinephrin  could  be  detected  in  the  adre- 
nal blood  by  sensitive  rabbit  intestine  and  uterus  segments.  The 
upper  limit  of  the  portion  of  the  cord  related  to  the  spontaneous  lib- 
eration of  epinephrin  was  also  further  defined  by  survival  experiments 
and  these  may  be  taken  first. 

Experiment  5.  Condensed  Pro^col. — Cat;  weight  2.17  kilos.  Cord  tran- 
sected at  the  level  of  the  body  of  the  last  cervical  vertebra  3  days  before  the 
experiment.  Animal  in  fairly  good  condition.  Anesthetized  with  ether  for  the 
insertion  of  the  tracheal  cannula;  thereafter  no  more  ether  was  required  as  the 
operative  field  was,  of  course,  absolutely  anesthetic  because  of  the  previous 
spinal  cord  section.  Cava  pocket  made  with  ligation  of  all  the  usual  arteries. 
Cannula  inserted  in  lower  end  of  pocket  (short  pocket)  and  the  following  sam- 
ples of  adrenal  blood  collected. 


No.  of  adrenal 
specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

2.4 

4  min.,  50  sec. 

0.5 

2 

2.2 

7    "     30     " 

0.3 

3 

2.1 

9    " 

0.23 

4 

2.2 

17     "     30     " 

0.13 

While  the  pocket  was  still  clipped  off  blood  was  obtained  from  the  abdominal 
aorta.  While  the  pocket  was  being  tied  off  some  blood  was  left  in  it  and  the  first 
adrenal  specimen  was  therefore  somewhat  diluted.  The  autopsy  showed  that 
the  cord  had  been  divided  between  the  last  cervical  and  the  first  thoracic  segments. 
Combined  weight  of  adrenals  0.362  gm. 

In  survival  experiments  it  is  not  so  easy  as  in  acute  experiments  to 
decide  whether  transections  of  the  cervical  cord  leave  the  rate  of 
liberation  of  epinephrin  unaltered,  or  somewhat  diminish  it  because 
the  rate  before  and  after  the  section  cannot  be  compared  on  the  same 
animal  within  a  short  interval  of  time.  All  that  can  be  done  is  to 
determine  whether  the  residual  output  after  the  cervical  section  is 
within  the  range  established  for  animals  under  the  same  experimental 
conditions,  but  with  intact  central  nervous  system.     In  Experiment 
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5,  as  "will  be  seen  from  the  specimens  of  rabbit  intestine  and  uterus 
tracings  reproduced  in  Figs.  4  to  6,  concentrations  of  epinephrin 
within  the  normal  range^  were  found  in  the  adrenal  blood  sam- 
ples collected  after  section  of  the  cer\dcal  cord  between  the  last  cer- 
vical and  the  first  thoracic  segments. 

The  adrenalin  assays  on  the  intestine  segments  gave  a  concentra- 
tion, in  the  fourth  adrenal  specimen,  of  about  1:  1,500,000  (Fig.  4, 
Obser\-ation  19;  Fig.  5,  Observation  27);  and  in  the  second  adrenal 
specimen  a  concentration  greater  than  1 :  2,500,000  and  less  than 
1:1,500,000  (Fig.  4,  Observation  21;  Fig.  5,  Observations  29  and 
27).  Taking  the  concentration  in  the  second  specimen  as  1 :  2,000,000, 
we  get  a  liberation  of  epinephrin  per  minute  of  not  quite  0.0002  mg. 
(0.0001  mg.  per  kilo  of  body  weight).  It  may  be  considered  certain 
that  the  output  which  the  glands  would  have  been  capable  of  main- 
taining with  a  more  nearly  normal  blood  flow  was  at  any  rate  not  less 
than  this.  It  might  have  been  more,  since  as  already  mentioned, 
we  rarely  encoimter  concentrations  of  more  than  1: 1,000,000  in 
adrenal  blood  collected  under  our  experimental  conditions;  and  there- 
fore the  point  might  already  have  been  passed  at  which  the  declin- 
ing blood  flow  can  be  compensated  by  increased  concentration  of 
epinephrin. 

The  fact  that  it  was  not  necessary  to  administer  an  anesthetic  in  order  to  col- 
lect the  adrenal  blood  in  this  animal,  since  the  cord  section  had  rendered  the  oper- 
ative field  totally  insensitive,  has  probably  no  bearing  on  the  question  whether 
the  rate  of  output  was  somewhat  diminished  by  the  cervical  section.  For  al- 
though some  wTiters  have  assimaed  that  anesthetics  markedly  increase  the  rate 
of  Uberation  of  epinephrin,  there  is  no  real  proof  of  this.  In  any  case,  if  the 
anesthetic  exerts  its  effect  through  the  higher  parts  of  the  central  nervous  sys- 
tem, the  administration  of  an  anesthetic  coiild  not  have  increased  the  output  of 
epinephrin  in  this  animal.  In  reference  to  the  experiments  (Nos.  1  to  4) 
in  which  thte  epinephrin  output  was  determined  inmiediately  after  section  of 
the  cervical  cord,  it  might  be  asked,  however,  whether  the  anesthetic  had  not 
already  aboUshed  the  activity  of  any  portion  of  the  brain  or  bulb  which  might 
be  related  to  the  epinephrin  secretion.  Division  of  the  cervical  cord  would  in 
that  case  cause  no  diminution  in  the  output  of  epinephrin  if  made  above  the  level 
of  the  spinal  center.  An  assimiption  equally  plausible,  but  at  present  equally 
devoid  of  experimental  basis,  is  that  anesthetics  abolish  or  lessen  an  inhibition 
of  the  spinal  center  from  a  center  in  the  brain.  On  this  hypothesis,  the  output 
of  epinephrin  seen  after  cervical  cord  section  would  be  considered  as  greater, 
not  smaller,  than  the  normal  output  with  intact  central  nervous  q^tem. 
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The  progressive  increase  in  the  concentration  of  epinephrin  in  suc- 
cessive adrenal  blood  samples  associated  with  gradual  diminution  in 
the  rate  of  blood  flow  is  well  brought  out  in  the  intestine  tracings 
reproduced  in  Fig.  4,  and  still  better  in  the  uterus  tracings  in  Fig. 
6.  This  phenomenon  and  what  underHes  it — the  stabihty  in  the  rate 
of  epinephrin  discharge — is  so  characteristic  when  adrenal  blood  is 
collected  with  intact  central  nervous  system,  that  its  occurrence 
after  spinal  section  lends  support  to  the  conclusion  that  the  secre- 
tion of  epinephrin  when  the  connection  of  the  cord  with  the  brain 
has  not  been  interrupted  is  also  sustained  largely,  if  not  entirely,  from 
the  cord. 

In  the  next  experiment  the  eye  reactions  were  studied  in  a  cat  2 
days  after  section  of  the  cord  just  above  the  body  of  the  seventh 
cervical  vertebra. 

Experiment  6.  Condensed  Protocol. — Cat;  weight  2.825  kilos.  Left  superior 
cervical  ganglion  excised  1  week,  and  spinal  cord  divided  2  days  before  the  ex- 
periment, just  above  the  body  of  the  last  cervical  vertebra. 

10.00  a.ni.  Anesthetized  with  ether  while  the  tracheal  cannula  was  being  in- 
serted; thereafter  no  more  ether  was  required  as  the  operative  field  was  neces- 
sarily absolutely  insensitive  because  of  the  previous  section  of  the  cord. 

10.05  a.m.  The  abdomen  was  opened  and  the  cava  pocket  made,  all  the  usual 
arteries  being  tied. 


Time. 

Duration  of 
pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 
10.28 

Pocket  experiment. 

1  min. 

Small;     in   20 
sec. 

Small  (shortly 
after  pupil). 

10.30 

«               « 

2    " 

Good;  in  15  sec. 

Good;  15  sec. 

10.45 

Injected  0.5  cc.  (1:330,000)  of 

Very  good;  in 

Very  good;    15 

adrenalin  into  jugular  vein. 

15  sec. 

sec. 

10.50 

Injected  0.25  cc.  (1:  330,000)  of 
adrenalin  into  jugular  vein. 
The   eye  reactions  after  this 
injection  were  about  the  same 
or  slightly  less  than  in  the  ob- 
servation at  10.30  a.m. 

Good;  in  17.2 
sec. 

Good;  17.2  sec. 

10.55 

Pocket  experiment. 

1  min. 

Very  slight;  in 
25  sec. 

None. 

10.58 

The     re- 
actions were  about  the  same 
as  at  10.50  a.m. 

2     " 

Good;     in    21 
sec. 

Good;  21  sec. 
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Time. 

Duration  of 
pocket. 

Pupil  dilatation. 

Reactbn  of  nictitat- 
ing membrane. 

a.m. 

11.02 

Pocket  experiment.    The  reac- 

3min., 40 

Very  good;  in 

Very  good;  16.8 

tions  were  about  the  same  as 

sec. 

16.8  sec. 

sec. 

at  10.45  a.m. 

11.10 

Cut  nerves  to  both  semilunar 
ganglia  in  abdomen. 

11.20 

Pocket  experiment.    Pocket  not 
so  well  filled  as  before. 

3  min. 

None. 

None. 

11.25 

Pocket  experiment.    The  reac- 
tion was  about  the  same  as  at 
10.58  a.m. 

5     " 

Distinct;       in 
23.4  sec. 

Distinct. 

11.30 

Both   semilunar   ganglia  extir- 
pated. 

11.37 

Pocket  experiment. 

5  min. 

None. 

None. 

11.45 

Pocket  filled 
very  slowly. 

8    " 

Slight;    in    41 
sec. 

« 

11.55 

Cut  lumbar  sympathetic  chain 
just  below  diaphragm. 

12.00 

Pocket  exp>eriment.    Very  poor 
flow. 

25  min. 

Slight;    in    90 
sec. 

None. 

pm- 

12.50 

Pocket  experiment   Better  flow. 

10    « 

Slight;    in    60 
sec. 

tt 

The  autopsy  showed  that  the  cord  was  divided  through  the  seventh  cervical 
segment,  immediately  below  the  origins  of  the  seventh  pair  of  nerves. 

The  fact  that  adrenal  blood  collected  in  the  cava  pocket  caused 
good  eye  reactions  was  ascertained.  It  was  shown  by  the  injection 
of  adrenalin  solution  that  the  amount  of  epinephrin  secreted  per 
minute  was  about  0.0004  mg.  (0.00015  mg.  per  kilo  of  body  weight 
per  minute) ;  this  is  a  substantial  output,  although  considerably  less 
than  the  average,  as  estimated  by  eye  reactions,  in  cats  with  intact 
central  ner\'ous  system.^  Various  nerves  going  to  the  adrenals  were 
then  di\'ided  and  the  effect  in  diminishing  the  eye  reactions  was  noted. 
After  di\ision  of  the  fibers  coming  to  the  semilimar  ganglia,  the  eye 
reactions  elicited  by  adrenal  vein  blood  collected  in  the  cava  pocket 
were  markedly  diminished.  A  3  minute  collection  gave  no  reactions, 
whereas  before  the  nerv^e  section  a  1  minute  collection  caused  a  shght 

*  Stewart  and  Rogoflf,  /.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  479. 
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effect  on  the  pupil,  and  a  2  minute  collection  good  dilatation  of  the 
pupil  and  retraction  of  the  nictitating  membrane.  After  removal  of 
both  semilunar  ganglia,  which,  of  course,  insured  the  section  of  any 
strands  coming  to  the  ganglia  overlooked  in  the  previous  section,  a 
5  minute  collection  of  adrenal  blood  caused  no  eye  reactions,  although 
previously  a  2  minute  collection  gave  good  reactions.  On  release  of 
a  pocket  occluded  for  8  minutes,  a  small  dilatation  of  the  pupil  was 
obtained. 

In  connection  with  the  fact  that  slight  eye  reactions  were  still 
elicited  with  long  periods  of  closure  of  the  cava  pocket  even  after 
extensive  section  of  possible  nerve  paths  to  the  adrenal  glands,  it 
must  be  pointed  out  that  these  nerve  sections  entail  considerable 
manipulation  of,  and  in  the  neighborhood  of,  the  adrenals.  With 
the  slow  blood  flow  toward  the  end  of  the  experiment,  epinephrin  lib- 
erated by  massage  would  take  long  to  be  completely  washed  out. 
It  may  be  concluded  that  even  the  feeble  reactions  obtained  after 
these  nerve  sections  were  not  due  entirely  to  genuinely  secreted 
epinephrin.  Survival  experiments  published  elsewhere^  have  shown 
that  the  epinephrin  output  after  section  of  the  adrenal  nerves  is  either 
abolished  or  reduced  so  much  as  to  be  incapable  of  detection  by  sen- 
sitive rabbit  intestine  and  uterus  segments.  On  the  other  hand,  in 
acute  experiments  after  the  same  nerve  sections,  although  the  out- 
put of  epinephrin  is  greatly  reduced,  a  content  capable  of  detection  is 
usually  still  found  in  adrenal  blood. 

It  may,  therefore,  be  confidently  assumed  that  the  whole  output 
of  epinephrin  from  the  adrenals  after  section  of  the  cervical  cord  near 
its  lower  limit  is  mediated  through  the  same  nerves  which  are  con- 
cerned in  the  Hberarion  with  intact  nervous  system. 

The  last  two  survival  experiments  to  be  quoted  were  made  for  the 
purpose  of  defining  more  exactly  the  lower  limit  of  the  spinal  region 
concerned  in  the  epinephrin  secretion. 

Experiment  7.  Condensed  Protocol. — Cat;  weight  1.59  kilos.  Left  superior 
cervical  ganglion  excised  6  days  before  the  experiment  and  spinal  cord  transected 
between  the  fifth  and  sixth  thoracic  vertebrae  3  days  before  the  experiment. 
Condition  good.  The  autopsy  showed  cord  section  between  the  fifth  and  sixth 
thoracic  segments. 
,     2.00  p.m.     Ether  was  given  while  the  tracheal  and   jugular    cannulas  were 
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inserted.  Thereafter  no  more  ether  was  required  as  the  operative  field  was,  of 
course,  totally  insensitive  owing  to  the  cord  section.  A  specimen  of  jugular 
blood  was  obtained.  A  long  cava  pocket  was  prepared;  the  renal  arteries  and 
abdominal  aorta  were  tied. 

2.45  p.m.     Pocket  experiment,  1  minute,  25  seconds.    No  eye  reactions. 

2.48  p.m.     Pocket  experiment,  3  minutes,  20  seconds.    No  eye  reactions. 

The  blood  flow  was  good;  the  pocket  filled  well. 

3.00  p.m.  Intestinal  arteries  tied.  Cannula  put  in  lower  end  of  pocket  (now 
made  into  a  short  pocket).    Adrenal  blood  specimens  collected  as  follows: 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

1.5 

1  min.,  25  sec. 

1.0 

2 

3.2 

4    "     30    " 

0.7 

3 

3.5 

10    " 

0.35 

4 

2.2 

10    " 

0.22 

Through  a  cannula  in  the  jugular  vein  inserted  tmder  ether  anesthesia  the 
following  injections  were  made:  0.5  cc.  (1:500,000)  of  adrenalin;  good  pupil  and 
nictitating  reactions  in  15  seconds.  0.2  cc.  (1:  500,000)  of  adrenalin;  small  nicti- 
tating reaction  in  17  seconds;  small  pupil  reaction  in  25  seconds.  While  the 
pocket  was  still  clipped  off  blood  was  obtained  from  the  abdominal  aorta. 

Left  adrenal  weighed  0.206  gm.  and  contained  0.20  mg.  of  epinephrin;  the 
right  adrenal  weighed  0.194  gm.  and  contained  0.18  mg.  of  epinephrin. 

In  this  cat  3  days  after  transection  of  the  cord  between  the  fifth 
and  sixth  thoracic  segments  no  eye  reactions  could  be  evoked  by 
adrenal  blood  even  with  relatively  long  periods  of  collection  in  the 
cava  pocket,  periods  which  would  certainly  have  given  good  reactions 
either  with  intact  central  nervous  system  or  with  the  cord  cut  in  the 
cervical  region.  The  reactions  were  not  lacking  because  the  iris 
and  nictitating  membrane  were  incapable  of  responding  to  small  quan- 
tities of  epinephrin.  For  even  at  an  advanced  period  in  the  experi- 
ment, after  the  withdrawal  of  several  samples  of  adrenal  blood  through 
a  cannula  in  the  cava,  good  eye  reactions  were  obtained  on  injection 
of  0.001  mg.  of  epinephrin,  and  quite  detectable  reactions  on  injec- 
tion of  0.0004  mg.  Tested  with  rabbit  intestine  and  uterus  seg- 
ments, the  adrenal  blood  gave  a  negative  result  (Fig.  7,  Observation 
27;  Fig.  8,  Observations  6  and  12),  although  a  concentration  of  epi- 
nephrin of  1 :  60,000,000  (Fig.  8,  Observation  37)  could  easily  have 
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been  detected  by  the  intestine.  There  was  evidence  that  the  adre- 
nal blood  (third  specimen)  could  not  have  contained  even  1 :  100,000,- 
000  epinephrin,  corresponding  to  an  output  of  at  most  0.000003  mg. 
per  minute,  not  one-hundredth  of  the  output  to  be  expected  in  a 
normal  cat  under  the  experimental  conditions.  It  must  be  repeated 
that  there  was  no  evidence  that  any  epinephrin  was  being  discharged 
by  the  adrenals.  Nothing  could  be  more  striking  than  the  contrast 
between  the  concentration  and  output  per  minute  of  epinephrin  in 
this  cat  and  in  those  whose  spinal  cord  was  transected  towards  the 
lower  level  of  the  cervical  region.  For  instance,  the  concentration  in 
the  second  adrenal  specimen  in  Experiment  5  was  1:  2,000,000;  and 
the  calculated  output  per  minute,  0.0002  mg.  Even  when  the  cord 
was  divided  (Experiment  8)  two  segments  higher  in  the  dorsal  region, 
through  the  third  thoracic  segment,  although  a  slight  epinephrin  lib- 
eration was  detected  by  intestine  segments,  the  output  was  enor- 
mously reduced  (to  0.000006  mg.  per  minute). 

Experiment  8.  Condensed  Protocol. — Cat;  weight  3.65  kilos.  Left  superior 
cervical  ganglion  excised  10  days  before  the  experiment.  Spinal  cord  transected 
between  the  third  and  fourth  dorsal  vertebrae  3  days  before  the  experiment- 
Condition  excellent.  Ether  anesthesia  was  used  throughout  the  experiment. 
Long  cava  pocket  prepared  in  the  usual  manner,  renal,  celiac,  and  mesenteric, 
arteries,  and  abdominal  aorta  being  tied. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 

11.00 

1  min.,  20  sec. 

None. 

None. 

11.05 

1     "     50    " 

« 

« 

11.10 

3     " 

« 

It 

11.15 

5    " 

« 

(t 

11.30 

Injected  0.5  cc.  (1:530,- 

Excellent;     in 

Excellent;    10.6 

000)  of  adrenalin  into 

10.6  sec. 

sec. 

jugular  vein. 

11.35 

Injected  0.2  cc.  (1 :  530,- 

Very  good;  in 

Very  good;  14.8 

000)  of  adrenalin  into 

14.8  sec. 

sec. 

jugular  vein. 

11.38 

Injected    0.5   cc.    (1:2,- 
000,000)    of  adrenalin 
into  jugular  vein. 

Small;     in    22 
sec. 

None. 

11.40 

Injected  0.5    cc.    (1:2,- 
000,000)    of   adrenalin 
into  jugular  vein. 

Small;    in    22 
sec. 

« 
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11.55  a.m.     Obtained  indifferent  blood  from  the  other  jugular. 
12.00  m.    Inserted  cannula  in  cava  (short  pocket)    and    collected   adrenal 
blood  as  follows: 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gtn. 

gm. 

1 

3.6 

2  min. 

1.8 

2 

8.8 

6     " 

1.46 

3 

5.0 

6     " 

0.83 

4 

5.5 

7    "     30  sec. 

0.73 

5 

4.0 

6    " 

0.66 

WMle  the  pocket  was  still  clipped  off  a  second  specimen  of  indifferent  blood 
(jugular)  was  obtained.  The  autopsy  showed  that  the  spinal  section  (between 
the  third  and  fourth  dorsal  vertebrae)  was  through  the  origins  of  the  third  pair  of 
thoracic  nerves.  The  bloods  were  tested  on  rabbit  segments.  The  right  adrenal 
weighed  0.200  gm.  and  contained  0.18  mg.  of  epinephrin;  the  left  adrenal  weighed 
0.208  gm.  and  contained  0.18  mg.  nf  epinephrin. 

The  concentration  of  epinephrin  in  the  third  adrenal  specimen  (Fig.  9,  Obser- 
vation 30)  was  distinctly  less  than  1:135,000,000  (Observation  32),  and  very 
much  less  than  1:70,000,000  (Observation  28).  The  concentration  in  the  fifth 
adrenal  specimen  was  somewhat  greater  than  1 :  135,000,000.  The  eye  reactions 
were  negative,  even  when  the  cava  pocket  was  dosed  for  as  much  as  5  minutes, 
although  the  injection  of  0.00025  mg.  of  epinephrin  gave  a  definite  pupil  dilata- 
tion, and  the  injection  of  0.0004  mg.  a  very  good  dilatation  of  the  pupil  and  re- 
traction of  the  nictitating  membrane. 

The  results  of  tJie  whole  series  of  experiments  are  singulariy  con- 
sistent, particulariy  in  view  of  the  fact  that  there  has  been  no  selec- 
tion of  experiments.  The  eight  experiments  comprise  all  those  per- 
formed, except  one  which  has  not  been  reported  because  the  animal 
died  before  it  was  satisfactorily  completed.^    The  results  indicate 

» In  this  animal  the  cord  was  divided  between  the  second  and  third  thoracic 
vertebrae,  jtist  below  the  origins  of  the  second  thoracic  nerves,  or  nearly  a 
segment  higher  than  the  highest  dorsal  section  in  the  exjjeriments  reported. 
3  days  afterwards  the  eye  reactions  (the  left  superior  cervical  ganglion  had 
been  excised  a  week  before  the  experiment)  were  fotmd  negative  with 
collections  in  the  cava  pocket  up  to  more  than  3  minutes,  although  very 
good  pupil  and  nictitating  reactions  were  elicited  by  injection  of  0.0015  mg.  of 
epinephrin,  and  slight  reactions  by  the  injection  of  0.0006  mg.  The  blood  flow 
at  the  time  of  these  observations  was  quite  satisfactory,  but  the  animal  died  be- 
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clearly  that  there  exists  in  the  cord  between  the  last  cervical  segment 
and  the  fourth  thoracic  segment  a  mechanism  which  sustains  the 
output  of  epinephrin  from  the  adrenal  glands  after  the  cord  is  severed 
from  the  higher  parts  of  the  central  nervous  system.  The  experi- 
ments prove  definitely  that  the  center  does  not  extend  lower  than  the 
thoracic  segment  mentioned,  and  that  at  least  an  important  part  of 
it  Ues  below  the  level  of  the  last  cervical  segment.  The  possibility, 
however,  is  not  excluded  that  the  center  may  extend  for  some  dis- 
tance above  the  last  cervical  segment.  It  is  of  interest  in  connection 
with  the  currently  accepted  view  of  the  development  of  the  adrenal 
medulla,  that  the  portion  of  the  cord  at  which  the  sympathetic  outflow 
begins  should  be  identified  as  a  center  controlling  the  Hberation  of 
the  only  constituent  of  its  secretion  hitherto  definitely  recognized.  If 
epinephrin  in  the  quantities  and  concentrations  in  which  it  appears  in 
the  adrenal  blood  could  be  shown  to  fulfil  an  important  oflSice  in  main- 
taining the  function  of  the  sympathetic  by  activating  certain  of  its 
elements,  or  by  heightening  or  prolonging  the  efifects  resulting  from  its 
excitation,  the  location  of  an  epinephrin  center  in  the  sympathetic 
region  of  the  cord  might  perhaps  acquire  a  new  significance.^    It  might 

fore  adequate  adrenal  blood  samples  could  be  drawn  ofif  from  the  cannula  in  the 
cava.  The  small  quantity  of  adrenal  blood  obtained  while  the  blood  was  flowing 
very  slowly  showed  a  good  concentration  of  epinephrin  as  tested  on  the  rabbit 
segments.  Since  the  eye  reactions  cannot  in  general  detect  outputs  of  epinephrin 
easily  detectable  by  the  rabbit  segments,  this  result,  although  no  great  stress 
can  be  laid  upon  it  in  the  absence  of  better  samples  of  adrenal  blood,  is  quite  con- 
sistent with  the  general  conclusion  deduced  from  the  other  experiments  as  to  the 
pjosition  and  limits  of  the  portion  of  the  cord  concerned  in  epinephrin  secretion 
from  the  adrenals. 

*It  is  diflicult  to  demonstrate  that  the  epinephrin  spontaneously  liberated 
from  the  adrenals  has  any  effect  upon  the  blood  pressure  unless  its  action  is  ac- 
cumulated by  collecting  the  adrenal  blood  in  a  cava  pocket  and  then  releasing 
it.  The  majority  of  recent  observers  have  not  seen  any  change  in  the  blood 
pressure  when  the  adrenal  veins  are  carefully  chpped.  On  the  denervated  eye, 
however,  we  have  observed  a  phenomenon  which  indicates  that  even  the  small 
concentrations  of  epinephrin  which  can  exist  in  the  capillary  blood  when  the 
adrenal  blood  is  passing  steadily  into  the  circulation  without  being  accumulated 
in  the  cava  pocket  can  produce  a  demonstrable  effect  upon  these  extraordinarily 
sensitive  objects.  When  the  pupil  has  been  dilated  or  the  nictitating  membrane 
retracted  by  release  of  adrenal  blood  collected  in  the  cava  pocket,  the  dilatation 
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then  be  permissible  to  speculate  upon  the  possibility  that  the  relative 
constancy  of  the  epinephrin  discharge,  so  puzzling  on  the  hypothesis  that 
it  directly  influences  physiological  events  in  virtue  of  the  truly  gross 
changes  necessary  to  produce  a  detectable  hyper-  or  hypoadrenalin- 
emia,  is  associated  with  a  more  general  and  permanent  action  upon 
the  sympathetic  mechanisms,  which  does  not  entail  the  necessity  of 
abrupt  outbursts  and  remissions  in  the  rate  of  liberation.  To  em- 
ploy a  simile  which  is  doubtless  excessively  crude :  if  epinephrin  is  not 
the  horse  in  the  sympathetic  machine,  which  must  go  now  faster,  now 
slower;  nor  even  the  whip  which  must  sometimes  be  wielded  vigor- 
ously and  then  be  laid  aside,  is  it  not  perhaps  the  lubricant  which, 
whether  the  axle  tvuns  fast  qf  slow,  need  not  vary  much  in  amount? 
The  possibility  must,  however,  not  be  lost  sight  of,  that  epinephrin 
although  the  first  definite  constituent  of  the  adrenal  secretion  to  be 
discovered  is  not  the  only,  nor  the  most  important  one  which  exists. 
It  is  difl&cult  to  conceive  of  a  nervous  control  so  complete  as  that 
which  governs  the  output  of  epinephrin  being  developed  in  the  case 
of  a  substance  functionally  imimportant.  Yet,  as  we  have  shown 
in  another  place  ,^  the  output  of  epinephrin  from  the  adrenals  in  cats 
is  greatly  and  permanently  reduced  or  abolished  by  section  of  the  adre- 
nal nerves  without  apparently  interfering  with  the  life  or  health  of 
the  animal.  Section  of  the  dorsal  cord  which,  as  has  been  shown  above, 
produces  a  similar  effect  up>on  the  output  of  epinephrin  is  also  weD 
known  to  be  compatible  with  good  health  and  long  survival.  Is  there 
perhaps  some  as  yet  unknown  substance  of  more  importance  than 
epinephrin  which  is  normally  given  off  from  the  adrenals  under  the 
influence  of  nerv^es,  the  secretion  of  which  is  eventually  resumed  after 
the  nerves  have  been  severed? 

SUMMARY. 

1.  After  section  of  the  spinal  cord  in  cats  in  the  cervical  region,  as 
low  as  the  last  cervical  segment,  epinephrin  continues  to  be  hberated 
from  the  adrenal  glands.    This  liberation  has  all  the  characters  of 

of  the  pupil  disappears  more  slowly  and  the  nictitating  membrane  comes  for^vard 
more  gradually  when  the  pocket  is  left  op)en  than  when  it  is  clipi>ed.  Ob\'iously, 
the  steadily  liberated  epinephrin  exerts  an  effect  in  prolonging  the  reactions  once 
they  have  been  elicited. 
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the  normal  secretion  with  intact  central  nervous  system.  It  is  sus- 
tained through  the.  same  nerve  paths  connecting  the  cord  with  the 
adrenals. 

2.  After  section  of  the  cord  in  the  middorsal  region  the  spontaneous 
liberation  of  epinephrin  from  the  adrenals  is  abolished  within  the 
limits  of  detectabOity  by  the  methods  employed  (denervated  eye  re- 
actions of  Meltzer,  and  rabbit  intestine  and  uterus  segments).^ 

3.  The  portion  of  the  cord  concerned  in  the  liberation  of  epinephrin 
does  not  appear  to  extend  much  below  the  third  thoracic  segment. 

4.  In  acute  experiments  on  cats  under  urethane  anesthesia  no 
change  in  the  rate  of  liberation  of  epinephrin,  which  could  be  detected 
by  the  tests  employed,  was  observed  i^hen  the  cord  was  severed  in 
the  cervical  region. 

EXPLANATION  OF  PLATES. 
Plate  44. 

Fig.  1.  Intestine  tracings.  Blood  from  a  cat.  At  2  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  3  by  the  second  adrenal  blood  specimen, 
collected  with  intact  spinal  cord.  At  6  and  9  Ringer's  solution  was  replaced  by 
jugular  blood,  and  this  at  7  and  10  by  the  sixth  and  eighth  adrenal  blood  speci- 
mens respectively,  collected  after  section  of  the  cord  between  the  fourth  and  fifth 
cervical  segments.  All  the  bloods  were  diluted  with  four  volumes  of  Ringer's 
solution.     Reduced  one-third. 

Fig.  2.  Intestine  tracings.  Blood  of  the  same  cat  used  for  Fig.  1.  At  35 
Ringer's  solution  was  replaced  by  arterial  blood,  and  this  at  36  by  the  second  ad- 
renal blood  specimen,  collected  before  section  of  the  cord.  At  43  Ringer's  solu- 
tion was  replaced  by  arterial  blood,  and  this  at  44  by  the  third  adrenal  blood 
specimen,  collected  just  after  transection  of  the  cord  between  the  fourth  and  fifth 
cervical  segments.  All  the  bloods  were  diluted  with  three  volumes  of  Ringer's 
solution.  At  37  Ringer's  solution  was  replaced  by  arterial  blood  diluted  with 
three  volumes  of  Ringer's  solution,  and  this  at  38  by  arterial  blood  to  which  ad- 
renalin had  been  added  to  make  up  a  concentration  of  1 :  13,000,000,  the  adrenalin 
blood  being  then  diluted  with  three  volumes  of  Ringer's  solution.  Reduced 
one-third. 

'  We  have  since  found  that  semisection  of  the  cord  (between  the  fourth  and 
fifth  dorsal  segments  in  one  cat,  between  the  third  and  fourth  segments  in 
another)  aboHshed  the  liberation  of  epinephrin  from  the  adrenal  of  the  same 
side  without  affecting  the  liberation  from  the  other  adrenal. 


o^rular  "blo^  diluted  with  eight  volumes  of  Ringer»s  Solution 
nd  this  at  22  and  24  by 
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Plate  45. 

Fig.  3.  Intestine  and  uterus  tracings.  Blood  of  the  same  cat  used  for  Figs. 
1  and  2.  At  19  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  20 
by  the  eighth  adrenal  blood  sample,  collected  after  section  of  the  cord  between 
the  fourth  and  fifth  cervical  segments.  Both  bloods  were  diluted  with  eight 
volumes  of  Ringer's  solution.  At  21  and  23  Ringer's  solution  was  replaced  by 
adrenalin  in  jugular  blood,  made  up  to  1 : 1,600,000  and  1 :  800,000,  respectively, 
and  then  diluted  \s-ith  eight  volumes  of  Ringer's  solution.  4,  5,  and  6  are  uterus 
tracings.  At  4  Ringer's  solution  was  replaced  by  the  eighth  adrenal  blood  spec- 
imen, at  5  by  the  second,  and  at  6  by  indifferent  (arterial)  blood;  all  were  diluted 
with  seven  volumes  of  Ringer's  solution.    Reduced  one-third. 

Fig.  4.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the  cord 
between  the  last  cervical  and  first  thoracic  segments.  At  18,  20,  and  22  Ringer's 
solution  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  19,  21,  and  23  by 
the  fourth,  second,  and  third  adrenal  specimens,  resp)ectively.  All  the  bloods 
were  diluted  with  two  volumes  of  Ringer's  solution.    Reduced  one-half. 

Fig.  5.  Intestine  tracings  showing  some  of  the  adrenalin  assays  for  the 
adrenal  bloods  used  for  Fig.  4.  At  26  and  28  Ringer's  solution  was  replaced  by 
indifferent  (arterial)  blood,  diluted  with  two  volumes  of  Ringer's  solution  and  this 
at  27  and  29  by  adrenalin  in  arterial  blood,  made  up  to  1: 1,500,000  and  1:  2,- 
500,000,  respectively,  and  then  diluted  with  two  volimies  of  Ringer's  solution. 
Reduced  one-half. 


Plate  46. 

Fig.  6.  Uterus  tracings.  Blood  of  the  same  cat  used  for  Figs.  4  and  5.  At 
36  Ringer's  solution  was  replaced  by  the  third  adrenal  specimen;  at  37,  by  the 
second,  both  diluted  with  eight  volumes  of  Ringer's  solution.  The  third  speci- 
men has  a  stronger  effect  than  the  second,  corresponding  to  the  slower  blood  flow 
during  its  collection.  But  as  the  increase  of  tone  produced  by  the  second  speci- 
men even  was  nearly  maximal,  greater  dilution  was  necessary  to  show  the  differ- 
ence clearly.  At  38  Ringer's  solution  was  replaced  by  the  second  adrenal  speci- 
men, and  at  39  by  the  third,  both  diluted  with  twelve  volimies  of  Ringer's  solu- 
tion. The  difference  is  now  evident.  At  40  Ringer's  solution  was  replaced  by 
the  fourth,  and  at  41  by  the  third  adrenal  specimen,  both  diluted  with  sixteen 
volumes  of  Ringer's  solution.  The  increase  of  tone  produced  by  the  third  spec- 
imen was  now  so  nearly  maximal  for  the  condition  of  the  segment  at  the  time  that 
greater  dilution  was  resorted  to,  to  bring  out  the  difference,  clearly  seen  in  Ob- 
servations 43  and  44,  where  Ringer's  solution  was  replaced  by  the  third  and 
fourth  specimens  respectively,  both  diluted  with  twenty-four  volumes  of  Ringer's 
solution.  At  42  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood, 
diluted  with  twenty-four  volimies  of  Ringer's  solution.    Reduced  one-half. 
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Fig.  7.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the  cord 
between  the  fifth  and  sixth  dorsal  segments.  At  25  Ringer's  solution  was  re- 
placed by  indifferent  (arterial)  blood,  and  this  at  27  by  the  third  adrenal  specimen, 
both  bloods  being  undiluted.  The  magnification  is  high,  nearly  twice  as  great 
as  in  Fig,  8,  in  order 'to  afford  the  best  chance  for  an  inhibitory  effect  to  be  seen 
on  the  tracing.  The  writing  point  went  somewhat  above  the  drum  after  the  addi- 
tion of  the  adrenal  blood  and  no  inhibition  was  produced.  To  save  space,  the 
tracing  has  been  cut  horizontally.  To  reconstruct  it,  the  right-hand  portion  may 
be  imagined  to  be  pushed  up  to  the  top  of  the  figure  and  then  to  the  left  till  it 
is  in  line  with  the  left-hand  portion. 

Plate  47. 

Fig,  8,  Intestine  tracings.  Blood  from  the  same  cat  as  in  Fig.  7,  but  with  a 
smaller  magnification.  At  5  and  11  Ringer's  solution  was  replaced  by  arterial 
blood,  and  this  at  6  and  12  by  the  fourth  and  the  third  adrenal  specimens,  respec- 
tively, the  bloods  being  diluted  with  four  volumes  of  Ringer's  solution.  At  34 
and  36  Ringer's  solution  was  replaced  by  arterial  blood  (undiluted),  and  this  at 
35  and  37  by  adrenalin  in  arterial  blood  (1 :  40,000,000  and  1:  60,000,000  respec- 
tively).   The  adrenalin  blood  was  undiluted.    Reduced  one-third. 

Fig.  9.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the 
cord  through  the  third  thoracic  segment.  At  29  Ringer's  solution  was  replaced 
by  jugular  blood,  and  this  at  30  by  the  third  adrenal  blood  specimen.  At  27  and 
31  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  28  and  32  by" 
jugular  blood  to  which  adrenalin  had  been  added  to  make  up  a  concentration  of 
1:70,000,000  and  1:135,000,000,  respectively.  All  the  bloods  were  undiluted. 
Reduced  one-third. 
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Fig.  2. 


(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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Fig.  4. 


Fig.  5. 
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Fig.  6. 


Fig.  7. 

(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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(Stewart  and  Rogo£f:  Spontaneous  liberation  of  epinepbrin.) 
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The  view  has  been  expressed  by  various  writers  that  some,  perhaps 
most,  of  the  forms  of  experimental  hyperglycemia  (asphyxia  (1), 
piqtire  (2),  etc.)  are  dependent  primarily  upon  excitation  of  the  ad- 
renal glands  to  increased  secretion  of  epinephrin,  which  then  causes  an 
accelerated  mobilization  of  sugar  in  the  same  way  as  adrenalin  does 
when  artificially  introduced.  It  is  against  this  idea  that  subcutaneous 
injection  of  adrenalin  is  more  effective  in  producing  hyperglycemia  and 
glycosuria  than  intravenous  injection.  However,  it  has  been  cited  as 
evidence  that  the  adrenal  intervenes  as  an  essential  factor  in  the 
hyperglycemias  in  question,  that  a  given  experimental  hyperglycemia 
which  can  be  shown  to  occur  while  the  adrenals  are  intact  cannot  be 
obtained  after  their  removal.  Further,  some  observers  have  stated 
that  even  the  normal  sugar  content  of  the  blood  is  not  maintained  after 
adrenalectomy,  hypoglycemia  being  present;  that  glycogen  cannot  be 
normally  stored  by  the  Uver,  and  so  on. 

The  experimental  basis  for  these  conclusions  seems  to  us  to  be  quite 
unsatisfactory.  Observations  in  which  the  production  of  hypergly- 
cemia by  a  given  procedure  before  removal  of  the  adrenals  are  com- 
pared with  similar  observations  after  removal  of  the  glands,  suffer 
from  two  serious  defects.  In  the  first  place,  the  animal  has  been  de- 
prived of  organs  essential  to  life.  The  period  of  survival  is  very  brief 
in  the  absence  of  accessory  glands,  and  when  an  animal  is  going  to  die 
within  twenty-four  hours  it  is  surely  a  matter  of  difficulty  and  risk  to 
fix  the  point  up  to  which  such  a  function  as  the  regulation  of  the  sugar 
content  of  the  blood  may  stiU  be  regarded  as  normal.  Secondly,  the 
animal  has  been  subjected  to  a  major  operation;  it  has  been  anesthe- 
tized for  a  time;  possibly  it  has  been  prepared  for  the  operation  by  a 
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period  of  fasting;  certainly  it  does  not  eat  after  the  operation.  All 
these  things  cannot  fail  to  complicate  greatly  any  observations  upon 
changes  in  the  blood  sugar  dependent  upon  an  increase  or  diminution 
of  the  rate  of  mobilization  of  the  Hver  glycogen. 

We  have  put  the  question  of  the  relation  of  epinephrin  to  some  of  the 
forms  of  experimental  hyperglycemia  to  the  test  by  a  method  which 
eUminates  all  these  disturbing  factors.  The  epinephrin  Hberation  was 
abolished,  within  the  limits  of  sensitiveness  of  the  methods  used  for  its 
detection,  or  reduced  to  an  insignificant  fraction  of  its  normal  amount 
by  dividing  in  cats  the  nerve  supply  of  one  adrenal  and  excising  the 
other  gland.  After  recovery  from  the  operation  the  sugar  was  esti- 
mated from  time  to  time  in  samples  of  blood  obtained  under  the  various 
conditions  which  it  was  desired  to  study,  these  being  compared  with 
normal  samples  previously  collected. 

,       TECHNIQUE 

The  sugar  was  estimated  by  the  method  of  Lewis  and  Benedict  (with  Pearce's 
modification) .  Blood  was  collected  from  a  vein,  usually  the  femoral,  by  puncture 
with  a  hypodermic  needle  attached  by  a  rubber  tube  to  a  2  cc.  pipette,  in  the 
point  of  which  were  a  few  crystals  of  potassium  oxalate.  The  skin  over  the  vein 
was  shaved,  usually  the  day  before  the  blood  collection,  so  that  the  animal  might 
have  recovered  from  the  disturbance  due  to  the  shaving.  Generally  both  legs 
were  shaved  at  the  same  time  so  that  blood  could  be  obtained  from  either  vein. 
Occasionally  the  jugular,  and  once  or  twice  the  external  saphenous  were  em- 
ployed. The  needle  was  pushed  directly  through  the  skin  into  the  vein.  After 
the  blood  samples  desired  had  been  collected,  a  little  tincture  of  iodine  was 
placed  on  the  skin  over  the  site  of  the  puncture,  and  a  considerable  interval,  usu- 
ally about  a  week,  was  allowed  to  elapse  before  any  further  samples  of  blood  were 
taken.  This  refers  to  the  observations  in  which  such  procedures  as  asphyxia 
and  anesthetization  had  been  resorted  to.  The  blood  was  drawn  up  into  the 
pipette  a  little  above  the  mark,  the  pipette  disconnected  from  the  needle  and  the 
blood  after  being  allowed  to  flow  back  to  the  mark,  immediately  discharged  into 
a  large  test-tube  containing  8  cc.  of  distilled  water.  The  test-tube  was  then 
shaken.  After  hemolysis  had  occurred  15  cc.  of  saturated  solution  of  picric 
acid  was  added  and  the  contents  filtered,  after  being  well  shaken.  Duplicate 
quantities  (7  cc.)  of  the  filtrate  were  measured  into  test-tubes  graduated  in  0.1 
cc.  from  1  to  20  cc.  Two  cubic  centimeters  of  saturated  solution  of  picric  acid 
and  1  cc.  of  10  per  cent  solution  of  anhydrous  sodium  carbonate  were  added  to 
each  test-tube.  After  removal  from  the  autoclave,  any  loss  of  fluid  was  re- 
placed up  to  10  cc.  After  filtration  the  color  was  compared  with  the  picramic 
acid  standard  recommended  by  Lewis  and  Benedict,  and  also  with  a  solution  of 
dextrose  of  known  percentage  which  was  carried  through  the  same  process  as  the 
blood.  Before  deciding  to  use  Pearce's  modification,  we  compared  it  with  the 
-ori^nal  method  aiid  found  a  suflSciently  close  agreement,  as  illustrated  by  the 
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following  figures  obtained  with  different  quantities  of  a  solution  of  dextrose. 
By  the  polarimeter  it  was  estimated  that  100  grams  of  the  dextrose  used  corre- 
sponded to  93.6  grams  dextrose.  From  this  a  solution  was  made  of  such  a 
strength  that  1  cc.  would  contain  0.936  mgm.  dextrose. 


DEXTBOSE  SOLUTION 

LEWIS  AND  BENBDICT  ICBTHOD 

AirrOCLAVE  MODIFICATIOX 

CC. 

mtfin. 

mgm. 

1.0 

0.881 

0.890 

1.0 

0.910 

0.940 

2.0 

2.060 

2.012 

0.5 

0.418 

0.411 

0.5 

0.461 

0.427 

0.75 

0.748 

0.741 

In  this  paper  are  reported  observations  upon  two  forms  of  experimental  hyper- 
glycemia, that  produced  by  asphj-xia  and  that  produced  by  ether  anesthesia. 
The  routine  was  to  obtain  a  preliminarj'  specimen  of  "normal"  blood  and  then 
to  subject  the  animal  to  a  period  of  asphyxia  or  anesthesia.  Asphyxia  was 
maintained  by  placing  over  the  nose  and  mouth  of  the  animal  a  metal  cone  covered 
with  a  towel.  The  effect  of  the  asphj-xia  was  controlled  throughout  the  whole 
period  by  palpating  the  heart  through  the  chest  wall.  When  distinct  slowing 
of  the  heart  had  been  produced  the  animal  was  allowed  to  breathe  freely  for  a 
few  seconds  and  the  asphyxia  was  then  repeated.  The  object  was  to  produce 
and  maintain  with  the  necessary  intervals  of  free  breathing,  a  distinct  asphyxial 
condition  for  ten  to  twenty  minutes.  The  asphyxia  was  never  pushed  so  far  as 
to  endanger  life.  As  regards  the  anesthesia  effect,  an  ordinary  surgical  anes- 
thesia was  maintained  for  fifteen  to  twenty  minutes.  In  a  few  observations  the 
etherization  was  less  complete,  stopping  short  of  disappearance  of  the  corneal 
reflex.  In  a  number  of  the  experiments  when  the  animal  happened  to  be  espe- 
cially quiet  during  the  collection  of  the  preliminary  specimen,  it  was  immediately 
afterwards  subjected  to  frightening  by  a  dog  for  twenty  minutes  to  an  hour,  and 
another  blood  specimen  then  collected.  Generally  the  animal  was  free  in  a  small 
cage  during  the  frightening,  but  in  a  few  observations  it  was  tied  on  a  holder. 
In  no  case  was  it  possible  for  the  dog  to  inflict  any  physical  injury  on  the  cat. 
In  some  cases  the  sugar  content  of  blood  specimens,  obtained  after  varying 
periods  during  which  the  animal  remained  tied  down,  was  compared,  although 
no  sj'stematic  observations  on  the  so-called  "Fesselungs"  hyperglycemia  were 
made.  The  frightening  experiments  were  followed  by  an  asphyxia  obser- 
vation, in  order  to  determine  whether  the  animal  was  capable  of  showing  a 
decided  hyperglycemia.  In  this  way  it  was  supposed  that  a  negative  result 
due  to  poverty  of  the  glycogen  store  of  the  Uver  cotild  be  taken  account  of.  In  a 
few  of  the  preliminary  observations  single  blood  specimens  were  obtained,  either 
"normal"  or  dtiring  asphyxia  or  anesthesia.  Although  the  hyperglycemia  asso- 
ciated with  these  conditions  can  be  demonstrated  without  difficulty  by  such 
isolated  observations  made  on  different  days  on  the  same  or  on  different  animals, 
it  is  far  better  to  compare  a  succession  of  samples  taken  on  the  same  occasion 
from  one  and  the  same  animal. 
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Control  observations  were  made  on  normal  cats  and  also  on  cats  on  which 
laparotomy  had  been  performed,  with  a  certain  amount  of  manipulation  of  the 
abdominal  viscera,  in  order  to  imitate  the  surgical  procedure  in  the  adrenal 
operations,  except  that  the  adrenals  and  their  nerve  supply  were  left  intact. 
It  was  not  necessary  to  estimate  the  epinephrin  output  in  the  control  animals, 
as  we  have  previously  shown  (3)  that  epinephrin  is  invariably  present  in  the 
adrenal  vein  blood  of  normal  cats  when  tested  under  our  experimental  condi- 
tions, and  that  the  amount  liberated  per  minute  in  different  individuals  varies 
within  rather  narrow  limits.  All  the  animals,  those  in  which  the  adrenal  opera- 
tion had  been  performed  as  well  as  the  controls,  were  kept  on  the  same  diet 
and  housed  together  (in  the  open  air  for  a  large  part  of  the  time).  Except  when 
purposely  restricted,  the  diet  was  such  as  to  favor  the  accumulation  of  glycogen 
in  the  liver  (rice  with  milk,  pig's  liver,  with  fish  occasionally).  In  the  observa- 
tions before  July  9,  no  rice  was  given.  Glycogen  in  plenty  was  demonstrated  in 
the  liver  in  animals  which  were  giving  off  no  detectable  epinephrin,  (e.g.,  4.75 
and  4.26  per  cent,  in  two  operated  cats;  1.95,  2.55  and  4.13  per  cent,  in  three 
control  cats). 

EFFECT    OF   THE    OPERATION    ON   THE    OUTPUT   OF   EPINEPHRIN 

Our  previous  experiments  (3)  showed  to  what  insignificant  propor- 
tions the  liberation  of  epinephrin  (as  determined  by  the  denervated 
eye  reactions  without  drawing  blood,  or  on  rabbit  intestine  and  uterus 
segments  with  shed  blood)  is  reduced  by  the  operation  practiced,  even 
when  it  is  not  completely  abolished.  The  values  for  the  residual  lib- 
eration in  the  seven  cats  used  for  survival  observations  in  that  inves- 
tigation are  displayed  in  table  1.  In  five  of  the  cats  the  output  of 
epinephrin  was  only  ^\  to  y^^  of  the  average  output  for  normal  cats. 
In  two  of  the  seven  animals  no  epinephrin  whatever  could  be  detected, 
although  in  one  of  them  (cat  52)  the  intestine  and  uterus  segments 
were  so  sensitive  that  -j-^i^-u  of  the  average  normal  output  per  kilogram 
per  minute  could  have  been  estimated.  In  the  other  (cat  46)  ^^-^  of  the 
normal  output  could  have  been  detected  by  the  segments  and  -^^-^ 
by  the  eye  reactions,  which  in  this  case  happened  also  to  be  extraor- 
dinarily sensitive. 

It  is  out  of  the  question  to  assume  that  in  this  experiment  epinephrin 
was  present  in  the  adrenal  vein  blood  in  a  concentration  just  below 
the  threshold  of  detectability  for  both  rabbit  segment  and  eye  reac- 
tions. It  is  therefore  as  certain  as  anything  can  be  which  has  not 
been  actually  demonstrated  that  if  any  epinephrin  whatever  was 
being  given  off  in  this  animal,  it  represented  much  less  than  g^^  of  the 
normal  output. 
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We  might  then  have  assumed  with  confidence  that  the  cat«  operated 
upon  in  a  similar  way  for  the  experiments  on  h3^i)erglycemia  would  be 
practically  incapable  of  liberating  epinephrin  from  the  adrenals,  either 
under  normal  circumstances  or  in  conditions  which  have  been  sup- 
posed to  cause  increased  liberation  through  the  adrenal  nerves.     Never- 

TABLE  1 


O 

WEIGHT 

KFHrEPHRd  OUTKUI 

FRAcnox  or  xob- 

MAl-  LIBEBATIOX* 

H 

si 

m 

s  « 
2; 

Per  minute 

Per  kilogram 
per  minute 

Per 
animal 

Per  kilo- 
gram of 
ani^^al 

kgm. 

fn^m. 

mom. 

35 

2.0 

0.0000035 

0.0000015 

ihs 

Th 

8 

Ver>'  faint,  if  any 

34 

2.75 

0.00003 

0.00001 

^ 

^ 

16 

Negative 

46 

2.155 

0.000001 

0.00000045 

sie 

zhi 

15 

Negative;     liberation    of 
0.000001  mgm.  epineph- 
rin   per    kilogram    per 
minute  (or  rhv  of  nor- 
mal)  could  have   been 
detected 

52 

3.87 

0.0000009 

0.00000025 

-      T 

Wav^ 

20 

Negative 

31 

2.63 

0.00001 

0.00004 

^ 

^ 

105 

Negative 

32 

4.14 

0.00002 

0.000005 

ih 

^ 

105 

Positive  but  slight 

33 

3.635 

0.00002 

0.0000055 

^ 

A 

106 

Positive 

*  Since  one  of  our  objects  in  the  previous  investigation  was  to  determine 
whether  the  whole  secretion  of  epinephrin  is  dependent  upon  the  integrity  of 
the  nerves,  the  results  were  expressed  not  only  in  fractions  of  a  milUgram  per 
minute  per  animal,  but  also  as  fractions  of  a  milligram  per  minute  per  kilogram 
of  animal  on  the  supposition  that  the  animal  still  had  two  adrenals  secreting  at 
the  same  rate  as  the  remaining  gland.  This  showed  when  compared  with  the 
normal  output  of  cats  with  both  adrenals  intact  the  extent  to  which  the  out- 
put of  the  remaining  adrenal  had  been  reduced  by  the  operation.  The  residual 
liberation  from  the  one  adrenal  expressed  as  a  fraction  of  the  normal  Uberation 
by  one  adrenal  is  obtained  from  the  table  by  halving  the  denominators  of  the 
fractions  in  the  fifth  and  sixth  columns. 

t  There  was  no  evidence  that  any  epinephrin  was  being  given  ofiF  in  these 
animals. 


theless,  in  each  animal  the  epinephrin  output  was  determined  at  the 
end  of  the  series  of  observations  by  the  methods  and  under  the  ex- 
perimental conditions  previously  employed  for  the  normal  cats.  The 
results  of  the  epinephrin  estimations  on  the  seven  cats  used  for  the 
blood  si^ar  experiments  after  interference  with  the  epinephrin  output 
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are  given  in  table  2.  The  adrenalin  solution  employed  for  the  blood 
assay  was  always  itself  freshly  assayed  by  the  method  of  Folin,  Can- 
non and  Denis. 

TABLE  2 


0 

EPINEPHRIN    OUTPUT 

FRACTION  OF  NOR- 
MAL LIBERATION 

Q 

n  H 

Per  minute 

Per  kilogram 
per  minute 

Per 
animal 

Per  kilo- 
gram of 
animal 

EYE    REACTIONS 

kgm. 

mgm. 

mgm. 

90 

1.5 

0.0000035 

0.000002 

sio 

lio 

65 

Negative 

108 

2.2 

• 

0.000005 

0.000002 

iIt> 

Jh* 

35 

Negative.  Could  not 
have  been  0.000005 
mgm.  per  kg.  per  min- 
ute, or  i^^  normal  as 
determined  by  eye  re- 
actions 

109 

3.22 

0.00001 

0.000003 

is 

is 

39 

Negative.  Could  not 
have  been  io  of  nor- 
mal output  per  kg.  per 
minute 

107 

1.27 

0.00013 

0.00001 

S^O 

it 

34 

Positive 

91 

2.06 

0.0001 

0.00005 

1 
6 

i 

61 

Positive  (1  of  normal  out- 
put per  kg.  per  minute) 

92 

1.93 

0.00002 

0.00001 

A 

is* 

61 

Negative 

121t 

1.7 

0.000015 

0.00001 

is 

i. 

24 

Negative.  The  output 
could  not  have  been 
more  than  i^  of  normal 
for  the  whole  animal, 
or  is  of  normal  per  kg, 
of  animal 

*  There  was  no  evidence  that  any  epinephrin  was  being  given  off. 
t  Left  adrenal  excised;  nerves  of  right  adrenal  cut. 

It  will  be  seen  that  the  results  are  precisely  the  same  in  these  seven  cats  as 
in  the  seven  reported  in  table  1.  In  two  of  them  no  epinephrin  whatever  was 
detected  in  the  adrenal  vein  blood  by  the  segment  tests.  No  attempt  was  made 
to  fix  the  minimum  concentration  of  epinephrin  which  the  segments  could  detect 
but  it  was  shown  that  good  reactions  were  still  given  with  concentrations  which 
with  the  observed  blood  flows  through  the  adrenals  would  have  corresponded  to 
an  output  per  kilogram  of  body  weight  per  minute  one  hundred  and  twenty  times 
less  than  the  average  for  normal  cats.  There  is  no  doubt  that  the  quantity 
which  could  possibly  have  been  present  was  still  smaller.  In  cat  lOS  the  eye 
tests  gave  as  the  possible  maximum  output  the  same  fraction,  j^^  of  the  normal, 
as  the  intestine  tests.  Again,  it  is  extremely  unlikely  that  had  the  reactions 
been  a  little  more  sensitive  they  would  have  detected  epinephrin.  It  is  much 
more  probable  that  just  as  in  the  series  shown  in  table  1,  the  fortunate  coincidence 
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of  specially  sensitive  test  objects  and  blood  specimens  from  animals  in  which  the 
secretory  nerves  had  been  severed  with  unusual  completeness  would  have  enabled 
us  to  drive  down  the  limit  of  the  possible  epinephrin  output  far  beyond  that 
actually  obtained.  The  question,  however,  is  of  no  consequence  for  our  pur- 
pose. For  an  animal  which  cannot  be  liberating  ^^z  of  the  normal  amount  of 
epinephrin,  owing  to  section  of  secretory  nerve  fibers,  is  certainly  no  more  cap- 
able of  responding  to  stimulation  of  any  remaining  fibers  by  an  outburst,  bring- 
ing the  output  far  above  the  normal,  than  if  it  had  been  shown  that  the  rate  of 
liberation  had  been  reduced  to  yj'jnf  or  tcJttt  of  the  normal.  It  must  always  be 
remembered  that  no  evidence  was  obtained  in  these  animals  that  any  epinephrin 
was  being  given  off.  It  is  obvious  that  in  connection  with  the  problem  whether 
an  experimental  hyperglycemia  depends  upon  increased  epinephrin  secretion, 
experiments  in  which  no  epinephrin  has  been  detected  with  sensitive  test  ob- 
jects are  more  important  than  those  in  which  a  small  residual  liberation  is  still 
present.  In  a  third  cat  of  this  series  (cat  92)  the  result  of  the  epinephrin  assay 
was  also  negative.  But  here  there  were  only  the  eye  reactions  to  go  by,  not 
enough  blood  having  been  obtained  for  satisfactory  segment  tests.  Still,  the  eye 
reactions  were  quite  sensitive  and  showed  that  the  output  per  kilogram  per 
minute  could  not  have  been  ^  of  the  normal  average.^ 

In  one  animal  of  the  series  (cat  91)  a  substantial  fraction  of  the  normal  aver- 
age output  of  epinephrin  was  found,  5  or  g  by  the  intestine  segments  and  |  by 
the  eye  tests.  There  was  no  question  that  a  marked  diminution  in  the  output 
per  minute  had  been  effected  by  the  operation  in  this  animal.  For  the  concen- 
tration of  epinephrin  in  the  adrenal  vein  blood  was  far  less  than  is  ever  seen  in 
a  normal  cat  under  our  experimental  conditions,  for  the  corresponding  rates  of 
adrenal  blood  flow.  As  the  epinephrin  assay  was  made  sixty-one  days  after  the 
nerve  section,  the  possibility  of  some  regeneration  of  the  secretorj'  fibers  might 
be  considered  but  we  have  no  evidence  as  to  this.  If  any  regeneratiou  had 
occurred  in  this  time,  the  output  of  epinephrin  determined  at  the  end  of  the 
period  would  be  greater  than  it  was  after  section  of  the  nerves.  However,  since 
this  animal  yielded  precisely  the  same  results  as  the  others  in  the  blood  sugar 
observations,  the  question  is  of  no  significance  for  our  present  purpose. 

To  sum  up,  if  tables  1  and  2  are  compared  it  will  be  seen  that  the 
results  of  the  operation,  as  practiced  by  us,  upon  the  residual  epinephrin 
secretion  are  of  the  same  general  character  for  the  two  series.  In  each 
group  of  seven  cats  two  gave  no  evidence  with  either  test  of  any  epi- 
nephrin output  whatever.  In  each  group  one  cat  showed  a  somewhat 
substantial  residual  liberation,  although  only  a  mere  fraction  of  the 

'  Generally  the  eye  reactions,  as  stated  in  a  previous  paper  (3),  will  not  de- 
tect such  small  outputs  of  epinephrin  as  the  segment  tests  with  shed  blood. 
This  depends,  however,  not  only  upon  the  threshold  concentration  and  quan- 
tity of  epinephrin  which  yield  a  just  detectable  reaction,  but  also  upon  the 
length  of  time  during  which  it  is  feasible  to  continue  the  collection  of  the  ad- 
renal vein  blood  in  the  cava  pocket,  and  this  in  turn  depends  upon  the  rate  of 
blood  flow  through  the  gland. 
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normal.  The  remaining  cats  in  each  group  were  proved  to  be  giving 
off  a  very  small  amount  of  epinephrin  {-^j^,  -s\  down  to  -j^^  of  the  nor- 
mal), except  cat  92  in  the  second  group  (table  2),  which  by  the  only 
tests  applied,  the  eye  reactions,  yielded  a  negative  result.  K  we  re- 
flect that  to  ensure  the  severing  of  the  secretory  innervation  of  the 
adrenal  a  far  larger  number  of  fibers  which  have  nothing  to  do  with 
the  epinephrin  secretion  must  be  cut,  it  will  readily  be  seen  that  the 
completeness  with  which  the  fibers  in  question  are  divided  may  vary 
in  the  different  operations.  Let  this  be  as  it  may,  the  tables  demon- 
strate conclusively  that  to  all  intents  and  purposes  the  epinephrin  se- 
cretion by  the  adrenals  may  be-  considered  as  non-existent  in  cats  after 
this  operation  and  that  any  effect  produced  upon  the  blood  sugar  con- 
tent by  given  conditions  cannot  be  mediated  through  the  nervous 
mechanism  which  normally  governs  the  liberation  of  epinephrin  from 
these  glands. 

One  other  remark  may  be  made  before  passing  from  the  consideration  of  these 
tables.  It  will  be  noticed  that  in  table  2,  the  fraction  of  the  normal  output  rep- 
resented by  the  residual  liberation  expressed  per  kilogram  of  body  weight  is  in 
general  greater  than  the  fraction  expressed  for  the  whole  animal,  while  the 
opposite  is  the  case  in  table  1.  The  reason  for  this,  or  at  least  the  main  reason, 
is  a  purely  artificial  one,  namely  that  in  table  2  the  body  weight  of  most  of  the 
cats  is  less  than  the  body  weight  of  the  majority  of  those  in  table  1.  This  is 
partly  a  matter  of  accident  but  partly  due  to  the  fact  that  the  cats  in  table  1, 
after  the  loss  of  weight  which  always  occurs  in  the  first  weeks  after  the  operation, 
remaining  undisturbed  by  further  interference,  rapidly  regained  their  original 
weight  and  in  several  instances  became  considerably  heavier  than  before  the 
operation.  The  animals  in  table  2  were  used  for  the  blood-sugar  observations, 
samples  of  blood  being  repeatedly  taken  from  them;  they  were  subjected  to 
periods  of  asphyxia  or  anesthesia,  and  naturally  most  of  them  lost  some  weight. 

THE  NORMAL  BLOOD-SUGAR  CONTENT  IN  THE  CAT 

It  has  already  been  stated  that  ia  determining  whether  an  increase 
in  the  sugar  content  of  the  blood  was  caused  by  the  conditions  investi- 
gated, comparison  was  not  made  with  an  average  "normal"  content 
deduced  from  observations  made  at  other  times  on  the  same  or  on 
other  animals,  but  successive  samples  collected  at  the  time  of  each 
experiment  were  compared.  In  testing  out  the  technique,  however, 
a  number  of  normal  sugar  estimations  were  first  made.  Some  of  these 
are  given  in  table  3,  with  the  duplicate  estimations;  in  the  rest  of  the 
paper  only  the  average  of  the  duplicate  observations  is  given.  For 
convenience,  estimations  on  two  dogs  are  included  in  the  table. 
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TABLE  3 


NT7MBEB   OF 

PERCENTAGE    OF   DEXTBOSE 

IN   BLOOD 

RRIfARKR 

Duplicates 

Average 

1 

0.106 

0.115 

0.11 

Excited  during  collec- 
tion 

2 

0.081 

0.083 

0.082 

Considerably  excited 

3 

0.108 

0.108 

0.108 

Considerably  excited 
(lost  10  oc.  blood) 

4 

0.117 

0.116 

0.116 

Struggled  and  cried 

5 

0.107 

0.111 

0.109 

Verj'  quiet 

7 

0.103 

0.103 

0.103 

Excited 

11 

0.081 

0.081 

0.081 

Quiet 

19* 

0.094 

0.097 

0.096 

Much  excited;  blood 
dark 

15t 

0.113 

0.114 

0.114 

Very  quiet 

16t 

0.105 

0.104 

0.104 

Apprehensive 

*  This  cat  was  given  no  liver  for  two  days  before  the  blood  samples  were 
obtained,  and  no  food  at  all  for  twenty-four  hours,  two  daj-s  before  the  blood 
experiment.    All  the  others  were  on  the  liver  diet  with  milk  daily,  but  no  rice. 

t  Dogs:  no.  15,  a  large  female  hound;  no.  16,  a  small  female  fox  terrier 


Scott  (4)  has  published  numerous  blood-sugar  estimations  on  cats. 
He  worked  with  large  quantities  of  blood  obtained  by  decapitation, 
precipitating  the  proteins  by  a  special  method  and  estimating  the 
sugar  by  a  method  described  by  Munsen  and  Walker  (5).  Om-  "nor- 
mal" results  for  cats  agree  fairly  well  with  those  given  by  him  but  are 
on  the  whole  somewhat  higher.  We  have  not  employed  dogs  for  the 
adrenal  operations  because  the  nerve  paths  whose  section  abolishes  or 
greatly  lessens  the  epinephrin  output  are  better  known  in  the  cat  than 
in  the  dog. 

Experiments  on  cats  in  which  the  epinephrin  output  was  interfered  with 

Cat  90.  Condensed  protocol.  Weight,  \1.82  kgm.  Right  adrenal  excised  and 
nerves  of  left  adrenal  cut  on  May  9. 


BODY- 
WEIGHT 

PEBCENTAOS 

OF  BLOOD- 

SUOAB 

May  22 

kgrn. 

1.625 
1.605 

1.495/ 

1.665 

Moderate  asphj-xia,  10  minutes 
''Normal"  blood.    Restless 
After  being  tied  on  board  3  minutes 
After  being  tied  on  board  15  minutes 
Excised  left  superior  cervical  ganglion 

0  17 

June  11 

0.09 
0.129 

June  30 

June  28 

0.128 
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WEIGHT 

PERCENTAGE  OF  BLOOD-SUGAR 

Preliminary 
specimen 

Ether 

Asphyxia 

June  21 

kgm. 
1.515 

1.67 
1.78 
1.635 

0.20* 
0.087 
0.07 
0.089 

0.233 
0.151 

June  27 

July  2 

July  7 

0.168 
0.164 

During  collection  of  this  specimen  the  blood  flowed  very  slowly  and  was 
very  dark. 

July  IS.    Weight,  1.5  kgm. 
10.00  a.m.     3  grams  urethane  by  stomach  tube. 
10.30  a.m.     Prepared  cava  pocket,  tying  all  arteries,  i.e.,  renal,  coeliac  and 

mesenteric  arteries  and  abdominal  aorta. 
11.20  a.m.    Pocket  experiment,  2  minutes  occlusion;  no  eye  reactions. 
11.30  a.m.     Pocket  experiment,  4  minutes  occlusion:  no  eye  reactions. 
11.35  a.m.    Pocket  experiment,  6  minutes  occlusion:  no  eye  reactions. 
11  38  a.m.     0.5  cc,  1:  1,000,000  adrenalin  injected;  very  slight  pupil,  no  nicti- 
tating reaction. 
11.45  a.m.     Repeated  last  observation  with  same  result. 

Then  collected  the  following  specimens  of  adrenal  blood: 

First  specimen,  1.5  grams  in  1^  minutes,  blood  flow  1  gram  per  minute. 

Second  specimen,  4.5  grams  in  5  minutes,  blood  flow  0.9  gram  per  minute. 

Third  specimen,  5.8  grams  in  7  minutes,  blood  flow  0.83  gram  per  minute. 

Right  adrenal  weighed  0.206  gram,  and  contained  0.18  mgm.  epinephrin. 

Left  adrenal  weighed  0.186  gram,  and  contained  0.17  mgm.  epinephrin. 

Some  of  the  tracings  illustrating  the  epinephrin  assay  are  reproduced 
in  figures  1  to  3.  Figure  1  shows  that  the  second  adrenal  specimen 
diluted  with  three  volumes  of  Ringer's  solution  caused  no  inhibition  of 
the  intestine  (observation  21),  and  that  the  undiluted  blood  could  not 
have  contained  1 :  150,000,000  epinephrin  siace  indifferent  blood  con- 
taining this  amoimt  caused  a  distinct  inhibition  (observation  23). 
That  the  limit  must  have  been  decidedly  lower  than  1 :  150,000,000  is 
shown  by  the  fact  that  in  reducing  the  concentration  from  1 :  90,000,000 
(fig.  2,  observation  13),  to  1: 150,000,000  (fig.  1)  only  a  moderate  re- 
duction takes  place  in  the  inhibitory  effect,  whereas  the  difference  be- 
tween the  effect  of  1:30,000,000  (fig.  2,  observation  11)  and  1:90,- 
000,000  is  very  great.  In  figure  3,  it  is  proved  that  indifferent  blood 
containing  a  concentration  of  1:200,000,000  adrenalin  (observation  41) 
causes  a  much  greater  increase  of  tone  of  a  uterus  segment  than  the 
second  adrenal  blood  specimen  (observation  37),  or  than  the  third 
specimen  (observation  39) .     The  comparison  of  observations  36  and  42 
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shows  that  this  uterus  segment  could  detect  a  concentration  of  1 :  300,- 
000,000.  We  can  conclude  that  the  second  adrenal  specimen  does  not 
contain  1:200,000,000,  probably  not  1:300,000,000.  It  is  certainly 
quite  safe  to  assume  that  it  could  not  have  contained  1 :  250,000,000. 
Therefore,  the  output  of  epinephrin  could  not  have  been  0.0000035 
mgm.  per  minute,  i.e.,  0.000002  mgm.  per  kilo  of  body  weight  per 
minute,  or  yfg^  of  the  normal  average  output  per  kilogram,  as  deter- 
mined by  rabbit  segments  on  shed  blood.  There  was  no  evidence  that 
any  epinephrin  was  being  given  off. 


Fig.  1.  Intestine  tracings.  Bloods  from  cat  90.  At  20  Ringer  was  replaced 
by  indifiFerent  (arterial)  blood,  and  this  at  21  by  the  second  adrenal  blood  speci- 
men. Both  bloods  were  diluted  with  three  volumes  of  Ringer's  solution.  At 
tS  Ringer's  solution  was  replaced  by  indifiFerent  blood  diluted  with  three  volumes 
Ringer,  and  this  at  2S  by  the  indififerent  blood  made  up  with  adrenalin  to  a  con- 
centration of  1 :  150,000,000,  the  mixture  being  then  diluted  with  three  volumes 
Ringer  before  application  to  the  segment.     (Reduced  to  two-thirds.) 

Cat  108.  Condensed  protocol.  Female.  Weight,  2.75  kgm.  Right  adrenal 
excised  and  nerves  of  left  adrenal  cut  July  6. 


WEIGHT 

PEBCENTAGB  OF  BLOOD-SCOAB 

Preliminary 
si>eciiiien 

Fright 

Asphyxia 

July  17 

ktm. 
2.4 
2.475 

0.074 
0.105 

0.078 

0.093 
0.09 

0  129 

July  26 

August  6 

0.165 
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Fig.  2.  Intestine  tracings.  Bloods  from  cat  90.  At  10  and  12  Ringer's  solu- 
tion was  replaced  by  indifferent  blood  diluted  with  three  volumes  Ringer,  and 
this  a,t  11  and  IS  by  the  indifferent  blood  made  up  with  adrenalin  to  a  concen- 
tration of  1 :  30,000,000  and  1 :  90,000,000,  respectively,  the  adrenalin  bloods 
being  then  diluted  with  three  volumes  Ringer  before  application  to  the  segment. 
(Reduced  to  two-thirds.) 


Fig.  3.  Uterus  tracings.  Bloods  from  cat  90.  At  36  Ringer  was  replaced  by 
indifferent  (arterial)  blood;  at  37  by  the  second  adrenal  specimen;  at  39  by  the 
third  adrenal  specimen;  at  40  by  the  indifferent  blood  to  which  adrenalin  had 
been  added  to  make  up  a  concentration  of  1 :  100,000,000;  at  4i  by  the  indifferent 
blood  to  which  adrenalin  had  been  added  to  make  up  1 :  200,000,000;  at  42  by 
the  indifferent  blood  to  which  adrenalin  had  been  added  to  make  up  1 :  300,000,000. 
All  the  bloods  were  undiluted.     (Reduced  to  one-half.) 
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August    2.    Excised  left  superior  cervical  ganglion. 

August  10.  Weight,  2.2  kgm.  Made  cava  pocket  under  urethane  (4  grams), 
t)dng  all  arteries. 

1.10  p.m.  Pocket  experiment  4  minutes:  no  eye  reactions. 
1.16  p.m.  Pocket  experiment  6  minutes:  no  eye  reactions. 
1.25  p.m.    0.5  cc.  adrenalin,  1:  1,200,000  injected:  very  good  eye  reactions  in 

7.2  seconds. 
1.28  p.m.    0.5   cc.   adrenalin,    1:2,300,000  injected:  good  eye  reactions  in  8 

seconds. 
1.34  p.m.    0.5  cc.  adrenalin,  1:  4, .500,000  injected:  slight  eye  reactions  in  10.2 

seconds. 
1.38  p.m.    0.5   cc.    adrenalin,    1:7,000,000   injected:  small  retraction  of  nicti- 
tating  in   11.4  seconds,  no  pupil  reactions. 
Now  collected  the  following  specimens  of  adrenal  blood: 
First  specimen,  3.2  grams  in  1  minute,  blood  flow  3.2  grams  per  minute. 
Second  specimen,  7.8  grams  in  3.5  minutes,  blood  flow  2.2  grams  per  minute. 
Third  specimen,  3.0  grams  in  3  minutes,  blood  flow  1.0  gram  per  minute. 
Then  obtained  blood  from  abdominal  aorta. 

Right  adrenal  weighed  0.176  gram,  and  contains  0.23  mgm.  epinephrin. 
Left  adrenal  weighed  0.278  gram,  and  contained  0.26  mgm.  epinephrin. 

Some  of  the  tracings  of  the  epinephrin  assay  are  reproduced  in  figures 
4  to  6.  In  figure  4  it  is  shown  that  the  second  adrenal  specimen  (ob- 
servation 4)  gave  no  inhibition  of  the  intestine  when  diluted  with  an 
equal  volume  of  Ringer's  solution.  Another  observation,  not  repro- 
duced, proved  that  even  when  undiluted  it  caused  no  inhibition,  which 
was  also  true  of  the  third  adrenal  specimen  (observation  14).  Obser- 
ration  16  (fig.  5)  indicates  that  even  the  third  specimen  could  not  have 
contained  nearly  1 :  200,000,000  epinephrin.  Comparison  of  observa- 
tions 10  and  16  suggests  that  the  limit  of  sensitiveness  of  the  intestine 
segment  had  not  been  nearly  reached  with  a  concentration  of  1 :  200,- 
000,000,  since  the  inhibitor^'  effect  at  16  is  far  from  insignificant  as 
compared  with  that  at  10.  In  figure  6  it  is  demonstrated  by  uterus 
tests  that  the  second  adrenal  specimen  (observation  21)  contained  less 
epinephrin  than  1:230,000,000  (observation  20).  Indeed,  the  effect 
of  this  sample  on  the  uterus  was  not  greater  than  that  of  the  indifferent 
blood  (observation  19) .  Taking  the  rate  of  blood  flow  through  the  ad- 
renals durir^  collection  of  the  third  specimen  as  1  cc.  per  minute,  it 
follows  that  the  output  of  epinephrin  per  minute  could  not  have  been 
nearly  as  much  as  0.000005  mgm.  per  minute  for  the  animal,  or  0.000002 
mgm.  per  kilogram  of  body  weight  per  minute,  i.e.,  less  than  ^hf  of 
the  average  output  of  normal  cats,  as  determined  on  rabbit  intestine 
and  uterus  segments.  If  any  epinephrin  at  all  was  being  given  off, 
of  which  there  was  no  evidence,  the  amount  must  have  been  decidedly 
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less  than  this.  The  eye  reactions,  which  in  this  animal  were  very 
sensitive,  also  gave  a  completely  negative  result,  even  for  a  six-minute 
occlusion  of  the  pocket.  From  these  reactions  it  can  also  be  calculated 
that  the  possible  output  could  not  have  been  ^^-^  of  the  normal  as 
determined  by  the  eye  tests. 


mM 


1/3 


rr    r    1"  1 


Fig.  4.  Intestine  tracings.  Bloods  from  cat  108.  At  3  Ringer's  solution  was 
replaced  by  indifferent  (arterial)  blood,  and  this  at  4  by  the  second  adrenal  blood 
specimen.  Both  bloods  were  diluted  with  one  volume  Ringer  before  application 
to  the  segment.  At  IS  Ringer  was  replaced  by  the  indifferent  blood  undiluted, 
and  this  at  14  by  the  third  adrenal  blood  sample  also  undiluted.  After  observa- 
tion 4  was  completed  the  drum  and  writing  point  were  lowered.  (Reduced  to 
two-thirds.) 


Cat  92.  Condensed  protocol.  Female.  Weight,  2.525  kgm.  Right  adrenal 
excised  and  nerves  of  left  cut  May  9. 

May  21.  Weight  2.075  kgm.  Blood  sugar  after  Ught  ether  anesthesia,  0.154 
per  cent. 

May  29.    Excised  left  superior  cervical  ganglion. 

June  20.  Weight,  2.285  kgm.,  tied  on  board  3  minutes.  Blood  sugar,  0.098 
per  cent.    After  being  on  board  28  minutes,  blood  sugar,  0.108  per  cent. 
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WKIOHT 

FBBCENTAOE  OF  BLOOD-8CGAB 

Preliminary 
specimen 

Asphyxia 

Li«ht  «th«r 

June  18 

ki/m. 

2.395 
2.06 
1.96 
2.0 

0.096 
.       0  093 
0.064 
0.142* 

0.104 
0.151 
0.092 

June  27 

July  2 

July  7 

0.176 

*  Very  slow  collection  and  serum  separated  in  the  pipette. 

July  9.    Weight,  1.93  kgm.,  cava  pocket  formed  under  urethane  (4  grams) 
with  all  arteries  tied. 

12.50  p.m.    Pocket  experiment,  3  minutes:  no  eye  reactions. 
12.55  p.m.    Pocket  experiment,  5  minutes:  no  eye  reactions. 
1.05  p.m.    0.5  CO.  adrenalin,  1:  1,000,000  injected;  very  good  eye  reactions  in 

10.2  seconds. 
1.08  p.m.    0.25  cc.  adrenalin,  1:  1,000,000  injected:  good  eye  reactions  in  10.4 

seconds. 
1.10  p.m.    0.5  cc.  adrenalin,  1:3,000,000  injected:  small  pupil;  no  nictitating 

reaction,  11.6  seconds. 
1.18  p.m.   0.5  cc.  adrenalin,  1:4,000,000  injected:  small  pupil  and  nictitating 

reaction,  10.8  seconds. 
1.20  p.m.    0.5  cc.  adrenalin,  1:  5,000,000  injected:  small  pupil  and  nictitating 
reaction,  11.4  seconds. 
A  small  specimen  of  adrenal  blobd  was  obtained,  but  not  sufficient  for  assay, 
as  the  cat  died  shortly  after  collection  was  begun. 

Left  adrenal  weighed  0.250  gram,  and  contained  0.19  mgm.  epinephrin. 
Right  adrenal  was  crushed  in  removal,  no  assay. 


In  this  animal  the  eye  tests  showed  that  a  reaction  could  be  gotten 
with  0.0001  mgm.  epinephrin,  whereas  the  adrenal  vein  blood  collected 
for  five  minutes  and  then  released  produced  no  reaction  whatever.  Ac- 
cordingly, the  output  of  epinephrin  could  not  have  been  as  great  as 
0.00002  mgm.  per  minute,  i.e.,  0.00001  mgm.  per  kilogram  of  body 
weight  per  minute.  This  is  not  ^  of  the  average  output  in  normal  cats, 
as  determined  by  eye  reactions.  There  was  no  evidence  that  any 
epinephrin  was  being  given  ofif. 
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Fig.  5.  Intestine  tracings.  Bloods  from  cat  108.  At  9  and  15  Ringer's  solu- 
tion was  replaced  by  the  indifferent  blood  (undiluted),  and  this  at  10  and  16 
by  the  indifferent  blood  made  up  with  adrenalin  to  a  concentration  of  1 :  115- 
000,000  and  1 :  200,000,000  respectively.     (Reduced  to  two-thirds.) 


hi\i\' 
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Fig.  6.  Uterus  tracings.  Bloods  from  cat  108.  At  19  Ringer's  solution  was 
replaced  by  the  indifferent  blood;  at  20  by  the  indifferent  blood  made  up  with 
adrenalin  to  a  concentration  of  1 :  230,000,000;  at  21  by  the  second  adrenal  speci- 
men.   All  the  bloods  were  undiluted.     (Reduced  to  one-half.). 
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Cat   109.    Condensed   protocol.    Male.    Weight,   4.65  kgm.     Right   adrenal 
excised  and  nerves  of  left  cut,  July  6. 


WEIGHT 

IVBCENTAOE  OF  BLOOD-8U6AB 

Preliminary 
specimen 

Fright 

Asphyxi* 

July  17 

ktm. 

3.64 
3.245 

0.07 
0.086 

0.075 
0.076 

0.14 

July  26 

0.183 

August  2.     E.xcised  left  superior  cervical  ganglion. 

August  14.  Weight,  3.22  kgm.,  cava  pocket  formed  under  urethane  (5  grams), 
all  arteries  tied. 

12.26  p.m.     Pocket  experiment,  3  minutes:  no  eye  reactions. 
12.30  p.m.    Pocket  experiment,  6  minutes:  no  eye  reactions. 

0.5  cc.  adrenalin,  1:  2.300,000  injected:  slight  nictitating  reaction  in 

11.2  seconds. 
0.5  cc.  adrenalin,  1:  1,150,000  injected:  good  pupil  and  nictitating  in 
8.2  seconds. 
Now  collected  the  following  adrenal  blood  sp>ecimens: 
First  specimen,  2.1  grams  in  1  minute,  blood  flow  2.1  grams  per  minute.* 
Second  specimen,  6.9  grams  in  6  minutes,  blood  flow  1.15  grams  per  minute. 
Third  specimen,  3.4  grams  in  5  minuteS;  blood  flow  0.7  gram  per  minute. 
Obtained  blood  from  abdominal  aorta. 

Right  adrenal  weighed  0.365  gram  and  contained  0.38  mgm.  epinephrin. 
Left  adrenal  weighed  0.331  gram  and  contained  0.34  mgm.  epinephrin. 

Some  of  the  tracings  of  the  epinephrin  assay  are  given  in  figures  7 
to  9.  The  second  adrenal  specimen  diluted  with  three  volumes  of 
Ringer's  solution  (fig.  7,  observation  2)  gave  no  inhibition  of  the  in- 
testine, while  indifferent  blood  containing  1 :  35,000,000  adrenalin 
similarly  diluted  gave  a  good  inhibition.  In  figures  8  and  9  it  is 
proved  that  the  undiluted  second  adrenal  blood  specimen,  while  caus- 
ing distinct  inhibition  of  the  intestine,  could  not  have  contained 
1:85,000,000  epinephrin  though  somewhat  more  than  1:115,000,000. 
Taking  the  concentration  as  the  average  of  these  two  observations, 
Le.,  1:100,000,000,  we  get  0.00001  mgm.  as  the  output  per  minute 
or  0.000003  mgm.  per  kilogram  of  body  weight  per  minute.  This  is 
only  ^V  o^  the  average  output  in  normal  cats,  as  estimated  by  rabbit 
segments  in  drawn  blood. 

*  The  first  small  sample  is  collected  apart,  in  order  to  get  rid  of  any  epi- 
nephrin which  may  have  been  liberated  by  manipulation  when  the  upper  end 
of  the  pocket  is  being  clipped  off.  The  much  greater  apparent  rate  of  blood 
flow  sometimes  seen  in  the  collection  of  this  sample  is  partly  due  to  the  inclusion 
of  some  blood  already  in  the  pocket  when  the  clamp  is  applied. 


Fig.  7.  Intestine  tracings.  Bloods  from  cat  109.  At  /  Ringer's  solution  waa 
replaced  by  indifferent  blood  and  this  at  2  by  the  second  adrenal  blood  speci- 
men. Both  bloods  were  diluted  with  three  volumes  Ringer.  At  3  Ringer's 
was  replaced  by  the  indifferent  blood  (diluted  with  three  volumes  Ringer),  and 
this  at  4  by  the  indifferent  blood  made  up  with  adrenalin  to  a  concentration  of 
1 :  35,000,000,  the  mixture  being  then  diluted  with  three  volumes  Ringer  before 
application  to  the  segment.     (Reduced  to  two-thirds.) 


Fig.  8.  Intestine  tracings.  Bloods  from  cat  109.  At  5  Ringer's  solution  was 
replaced  by  the  indifferent  blood,  and  this  at  6  by  the  second  adrenal  blood 
sample.  At  7  Ringer  was  replaced  by  the  indifferent  blood,  and  this  at  8  by 
the  indifferent  blood  made  up  with  adrenalin  to  a  concentration  of  1:  115,000,000. 
All  the  bloods  were  undiluted.     (Reduced  to  two-thirds.) 
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The  eye  reactions  were  negative  even  for  a  six-minute  collection  of  the 
adrenal  vein  blood  although  a  reaction  was  obtained  when  as  little  as 
0.0002  mgm.  adrenalin  was  injected.  It  can  be  calculated  from  these 
data  that  the  output  per  kilogram  of  body  weight  per  minute  could 
not  have  been  ^^  of  the  average  output  in  normal  cats,  as  determined 
by  the  eye  reactions. 


Fig.  9.  Intestine  tracings.  Bloods  from  cat  109.  At  15  Ringer's  solution  was 
replaced  by  the  indifferent  blood,  and  this  at  16  by  the  second  adrenal  blood 
sample.  At  i7  Ringer  was  replaced  by  the  indifferent  blood,  and  this  at  l8 
by  the  indifferent  blood  to  which  adrenalin  had  been  added  to  make  up  1 :  85,000,- 
000.  All  the  bloods  were  undiluted.  The  weight  was  less  than  in  figure  8. 
(Reduced  to  two-thirds.) 


Cat  107.    Condensed  protocol.    Female.    Weight  1.82  kgm.    Right  adrenal 
excised  and  nerves  of  left  cut,  July  6. 

August  2.     Excised  left  superior  cervical  ganglion. 


■wjaoKt 

FEBCENTAGB  OF  BI.OOI>-«CGAB 

Prelimiiutry 
speciinen 

Fright 

Asphyxia 

July  17 

kgm. 
1.5 
1.275 

0.075 
0.086 

0.078 

0.247 

August  6 

0.160 
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August  9.  Weight  1.27  kgm.  Under  urethane  (3  grams)  cava  pocket  formed 
with  all  arteries  tied.  Positive  pupil  reactions  were  obtained  on  collecting 
adrenal  vein  blood  in  the  cava  pocket  and  then  releasing  it,  but  there  was  no 
movement  of  the  nictitating  membrane.  The  following  samples  of  adrenal  blood 
were  collected. 

First  sample,  1.1  grams  in  1  minute,  blood  flow  1.1  grams  per  minute. 

Second  sample,  3.8  grams  in  5  minutes,  blood  flow  0.8  gram  per  minute. 

Third  sample,  3.3  grams  in  7  minutes,  blood  flow  0.47  gram  per  minute. 

Indifferent  blood  was  obtained  from  the  abdominal  aorta. 

Right  adrenal  weighed  0.168  gra^n  and  contained  0.23  mgm.  epinephrin. 

Left  adrenal  weighed  0.152  gram  and  contained  somewhat  more  than  0.12 
mgm.  epinephrin. 

Figure  10,  in  which  a  few  of  the  tracings  of  the  epinephrin  assay  are 
reproduced,  shows  that  even  the  third  adrenal  specimen,  in  spite  of  the 
relatively  small  flow  of  blood  during  its  collection,  had  scarcely  1:  35,- 
000,000  epinephrin  and  much  less  than  1 :  17,000,000.  The  epinephrin 
output  was  therefore  less  than  0.000015  mgm.,  i.e.,  about  0.00001  mgm. 
per  kilogram  of  body  weight  per  minute.  This  is  not  more  than  ^ 
of  the  average  output  of  normal  cats  per  kilogram.  It  is  only  because 
of  the  slow  blood  flow  that  the  concentration  is  even  as  great  as 
1:35,000,000. 

Cat  91.  Condensed  protocol.  Female.  Weight,  2.23  kgm.  Right  adrenal 
excised  and  nerves  of  left  cut.  May  9. 

May  29.    Weight  2.00  kgm.,  dextrose  in  blood,  0.105  per  cent. 

May  29.    Excised  left  superior  cervical  ganglion. 

June  20.  Weight,  1.95  kgm.  Tied  on  board  3  minutes,  blood-sugar,  0.108 
per  cent.     Still  tied  on  board  12  minutes,  blood-sugar,  0.108  per  cent. 


WEIGHT 

PEBCBNTAGE  OF  BLOOD-8DGAB 

Preliminary 
specimen 

Light  ether 

Asphyxia 

June  21 

kgm. 
2.0 
2.145 
2.05 

0.092 
0.077 
0.116 

0.98 

July  2 

0.10 

July  7 

0.321 

July  9.    Weight  2.065  kgm.     Under  urethane  (4  grams)  cava  pocket  formed 
with  all  arteries  tied. 

4.23  p.m.    Pocket  experiment,  2  minutes:  slight  pupil  reaction  in  9  seconds. 
4.25  p.m.    Pocket  experiment,  2  minutes:  slight  pupil  reaction  in  11.6  seconds. 
4.28  p.m.    Pocket  experiment,  4  minutes:  small  pupil  and  nictitating  reaction 

in  10  seconds. 
4.35  p.m.    0.5  cc.  adrenalin,  1: 1,000,000  injected:  good  pupil,  slight  nictitat- 
ing in  9.2  seconds. 
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4.40  p.m.    0.5  cc.  adrenalin,  1:2,000,000  injected:  small  pupil  in  12.2  seconds 

(like  observation  at  4.28). 
4.45  p.m.    Pocket  experiment,  4  minutes;  pupil  reaction'  in  8.2  seconds,  greater 

than  at  4.40,  more  like  that  at  4.35. 
4.48  p.m.    0.5  cc.  adrenalin,  1:  1,000,000:  slight  pupil  reaction  in  12.4  seconds. 
4.57  p.m.    Pocket  experiment,  2  minutes:  small  pupil  reaction  in  8.6  seconds. 
5.00  p.m.    0.5  cc.  adrenalin,  1:  1,000,000  injected;  good  pupil  reaction  in    10.8 

seconds  (larger  than  in  observation  at  4.57). 
5.07  p.m.    Pocket  experiment,  3  minutes;  pupil  reaction  nearly  the  same  as  that 
in  observations  at  5.00. 
A  number  of  additional  observations  on  the  eye  reactions  with  adrenalin  in- 
jection, and  adrenal  vein  blood  released  from  the  pocket  were  made.    Then  the 
following  specimens  of  adrenal  blood  were  drawn  through  a  cannula  in  the  cava 
and  tested  on  rabbit  intestine  and  uterus  segments. 

First  specimen,  1.1  grams  in  2  minutes,  blood  flow,  0.55  gram  per  minute. 
Second  specimen,  2.5  grams  in  15  minutes,  blood  flow  0.17  gram  per  minute. 
Third  specimen,  1.8  grams  in  23  minutes,  blood  flow  0.08  gram  per  minute. 
The  blood  flowed  very  slowly. 

Right  adrenal  weighed  0.232  gram  and  contained  0.26  ragm.  epinephrin. 
Left  adrenal  weighed  0.265  gram  and  oontained  somewhat  more   than   0.16 
mgm.  epinephrin. 

In  figures  11  and  12  are  reproduced  some  of  the  tracings  of  the  epi- 
nephrin assay.  It  gave  much  the  greatest  concentrations  of  epinephrin 
in  the  adrenal  vein  seen  in  the  series  of  cats  whose  adrenal  innervation 
had  been  interfered  with.  The  second  adrenal  specimen  had  a  con- 
centration of  epinephrin  about  equal  to  1: 1,500,000  (fig.  11).  It  was 
distinctly  greater  than  1 : 2,000,000.  In  the  third  specimen  the  con- 
centration was  greater  than  1 :  800,000,  and  less  than  1 :  500,000  (fig. 
12).  The  blood  had  an  unusually  high  proportion  of  plasma,  not  far 
from  90  per  cent,  and  the  flow  during  collection  was  very  small.  For 
both  reasons  the  concentration  is  high.  We  have  stated  elsewhere  (3), 
(6)  that  a  concentration  of  m.ore  than  1: 1,000,000  is  unusual  in  cats' 
adrenal  vein  blood,  but  the  proportion  in  serum  can  be  considerably 
higher  since  the  erythrocytes  contain  practically  no  epinephrin.  The 
output  of  epinephrin  calculated  for  the  second  adrenal  specimen  was 
0.0001  mgm.  per  minute  for  the  animal  and  0.0(X)05  mgm.  per  kilogram 
per  minute,  or  about  ^  of  the  normal  output  in  the  cat  as  determined 
on  drawn  blood  by  rabbits'  intestine  segments.  Taking  the  concen- 
tration in  the  third  specimen  at  1 :  650,000,  we  get  0.00012  mgm.  per 
minute,  or  0.00006  mgm.  per  kilogram  of  body  weight  per  minute. 

The  eye  reactions  gave  about  0.(X)015  mgm.  per  minute,  or  0.(X)007 
mgm.  per  kilogram  of  body  weight  per  minute  as  the  output,  i.e.,  about 
I  or  xV  of  the  normal  as  determined  by  the  eye  tests. 
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It  is  commonly  stated  that  in  the  rabbit  the  left  splanchnic  is  much 
more  important  than  the  right  for  the  production  of  some  of  the  ex- 
perimental hyperglycemias.  Although  there  is  no  reason  to  believe 
that  such  a  difference  exists  in  the  cat,  the  left  adrenal  was  removed 
in  one  of  the  animals  (cat  121)  and  the  nerves  of  the  right  adrenal,  in- 
cluding of  course  the  right  splanchnic,  cut.  The  results  differed  in  no 
way  from  those  obtained  on  the  other  cats. 

Cat  121.  Condensed  protocol.  Female.  Weight,  1.975  kgm.  Left  adrenal 
excised  and  nerves  of  right  cut,  July  31. 

August  13.  Weight,  1.71  kgm.  Preliminary  blood  sp>ecimen,  0.111  per  cent 
dextrose.    Asphyxia,  0.163  per  cent  dextrose. 

August  16.    Excised  left  superior  cervical  ganglion. 

August  24.  Weight,  1.70  kgm.  Under  urethane  (3  grams)  cava  pocket 
formed,  with  all  arteries  tied. 

11.35  a.m.     Pocket  experiment,  3^  minutes:  no  eye  reactions. 
11.40  a.m.     Pocket  experiment,  6  minutes:  no  eye  reactions. 
11.50  a.m.    0.5  cc.  adrenalin,  1:  1,150,000:  excellent  eye  reactions  in  11.8  seconds. 
0.5  cc.  adrenalin,  1:  2,300,000:  good  eye  reactions  in  17.4  seconds. 

Now  collected  the  following  specimens  of  adrenal  vein  blood: 

First  specimen,  0.8  gram  in  1  minute,  blood  flow  0.8  gram  per  minute. 

Second  specimen,  3.6  grams  in  65  minutes,  blood  flow  0.5  gram  per  minute. 

Third  specimen,  5.2  grams  in  11  minutes,  blood  flow  0.47  gram  per  minute. 

Fourth  specimen,  2.0  grams  in  6  minutes,  blood  flow  0.33  gram  per  minute. 

During  collection  of  the  fourth  specimen,  a  clot  had  to  be  squeezed  out  of  the 
pocket. 

Right  adrenal  weighed  0.242  gram  and  contained  0.26  mgm.  epinephrin. 

Left  adrenal  weighed  0.152  gram  and  contained  0.16  mgm.  epinephrin. 

It  was  shown  on  the  rabbit  intestine  and  uterus  segments  that  the 
third  adrenal  blood  specimen  contained  about  1 :  30,000,000  epinephrin. 
The  rate  of  blood  flow  was  approximately  0.45  cc.  per  minute.  Ac- 
cordingly the  output  of  epinephrin  per  minute  was  about  0.000015 
n^m.  per  minute  for  the  animal  or  0.00001  mgm.  per  kilogram  of  body 
weight  per  minute,  i.e.,  -^  of  the  average  normal  output,  as  deter- 
mined on  drawn  blood  with  rabbits'  segments.  The  eye  reactions  were 
negative  even  for  a  six-minute  collection  although  0.0002  mgm.  of  adren- 
alin gave  a  reaction  which  was  more  than  minimal.  The  output  of 
epinephrin  was  therefore  not  above  0.000035  mgm.  per  minute  for  the 
animal  (about  :jV  0^  the  normal  average),  or  0.00002  mgm.  per  kilo- 
gram of  body  weight  per  minute,  (about  -i^  of  the  normal  average),  as 
determined  by  eye  reactions. 

As  regards  the  blood-sugar  percentages,  it  will  be  seen  from  the 
protocols  that  asphyxia  and  etherization  caused  distinct  hyperglycemia 
in  the  cats  whose  epinephrin  output  had  been  abolished,  within  the 
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limits  of  detection  by  the  methods  em.ployed  as  well  as  in  those  in 
which  a  small  residual  output  was  still  present.  If  the  results  on  these 
cats  are  compared  with  those  obtained  in  the  same  way  on  normal  cats 
(tables  4  and  5)  it  will  be  seen  that  no  essential  difference  can  be  made 
out.  The  precise  amount  of  the  hyperglycemia  has  no  particular 
significance  for  it  is  well  known  that  this  is  influenced  greatly  by  the 
nutritive  condition  of  the  animals,  particularly  by  the  glycogen  con- 
tent of  the  liver.  The  same  is  true  of  the  occasional  failure  to  obtain 
the  expected  hyperglycemia,  which  is  seen  in  the  normal  animals  as  well 
as  in  those  subjected  to  the  adrenal  operation.  It  is  conceivable  that 
in  the  operated  cats  the  loss  of  one  major  splanchnic,  in  addition  to 
other  sympathetic  fibers,  possibly  going  to  the  liver,  if  these  nerves 
are  at  all  concerned  in  the  hyperglycemias  studied,  may  have  pre- 
vented the  percentage  of  dextrose  in  the  blood  from  rising  as  high  after 
asphyxia  or  etherization  as  in  the  normal  cats,  although  it  is  not  cer- 

TABLE  4 


NUMBER 

DATS 

BOOT  WXIOHT 

PERCENTAGE    OF   BLOOD-SUGAB 

OF  CAT 

Preliminary 
specimen 

Fright 

Asphjiia 

111  1 

112  1 

July       19* 
July       30 
August  13 
July       19* 
July       30 

kgm. 

2.4 

2.285 

2.11 

2.24 

2.015 

0.082 
0.108 

0.097 

0.098 

0.105 

0.134 
0.225 

0.282 

*  This  was  the  date  of  the  operation. 

tain  from  the  results  that  there  is  any  decided  deficiency  in  this  respect 
in  the  former  group. 

In  table  4  are  given  some  observations  on  two  cats  in  which  a  dummy 
operation  was  performed,  as  already  mentioned,  to  imitate  as  far  as 
possible  the  nutritive  consequences  of  the  adrenal  operation,  except 
that  in  these  cats  the  adrenals  were  intact. 

In  table  5  are  displayed  the  results  of  the  blood-sugar  estimations 
on  a  series  of  normal  cats  subjected  to  the  same  procedures  as  the  cats 
which  had  imdergone  the  adrenal  operations. 

From  these  results  it  seems  impossible  to  draw  any  other  conclusion 
than  that  the  hyperglycemia  associated  with  asphyxia  and  with  etheri- 
zation is  not  produced  through  the  intervention  of  epinephrin  liber- 
ated from  the  adrenal  glands,  or  at  least  that  the  liberation  of  epi- 


ADRENALS    AND     EXPERIMENTAL    HYPERG^XCEMIA 


569 


TABLE  5 


DATE 

BOOT 
WEIGHT 

FEBCEXTAOE   OF  0EXTB08E  IN   BLOOD 

NmBEB 
or  CAT 

Nonnal  or 

preliminaty 

sample 

Fright 

Ether 

Asphyxis 

kgm. 

■ 

May 

18 

2.36 

0.109 

5 

June 

12 

2.065 

0  163 

June 

27 

2.43 

0.096* 

0.321 

M 

May- 

19 

3.065 

0.332t 

June 

16 

2.124t 

0.422-A§ 

0.510-B 

8 

June 

1 

2.585 

o.iiii 

9 

May 

22 

2.815 

0.226 

10 

May 

22 

2.53 

0.277 

17    ' 

June 

27 

2.68 

0.089" 

0.157 

July 

18 

2.50 

0.100 

0.257 

June 

18 

2.97 

0.131 

0.17111 

21 

July 

3 

2.89 

0.078 

0.079 

July 

18 

2.865 

0.122 

0.201 

June 

18 

2.775 

0.109 

0.128 

22 

June 

20 

2.70 

0.115-A* 

0.161 

0.101-B 

July 

3 

2.525 

0.080 

0.096 

23 

July 

IS 

1.910 

0.081 

0.15711 

0.214 

24 

July 

24 

2.140 

0.086 

0.104 

0.329 

26 

July 

3 

2.630 

0.095 

0.214 

July 

24 

2.445 

0.104 

0.10 

0.306 

July 

3 

2.885 

0.079 

0.109 

27    1 

July 

21 

2  745 

0.100 

0.107 

0.201 

. 

August 

1 

2.585 

0.090 

0.079 

0.214 

30 

August 

1 

2.280 

0.071 

0.123 

*  Struggled  and  micturated  during  collection  of  normal  specimen. 

t  The  ether  was  too  concentrated  (in  jar);  artificial  respiration  had  to  be 
performed. 

X  The  animal  had  distemper  and  had  lost  weight. 

§  Blood  was  obtained  with  diflBculty;  finally  the  femoral  artery  was  cut  and 
sample  A  collected  into  2  per  cent  o.xalate  (without  laking),  and  B  into  water 
(well  laked). 

II  These  cats  were  kept  tied  on  the  board  during  the  period  of  frightening;  the 
others  were  placed  in  a  cage. 

Verj'  much  excited  during  collection  of  normal  specimen. 

•  A,  collected  immediately  after  the  animal  was  tied  on  the  board;  B,  after  it 
had  been  tied  for  eight  minutes  on  the  board. 
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nephrin  is  not  essential  to  the  production  of  the  hyperglycemia.  The 
question  whether  these  experimental  hyperglycemias  depend  upon 
nervous  influences  exerted  upon  the  liver  so  as  to  hasten  the  trans- 
formation of  glycogen  into  dextrose,  or  upon  a  more  direct  influence, 
e.g.,  through  changes  in  the  hydrogen-ion  concentration  of  the  blood 
(7)  does  not  concern  us  here.  In  one  experiment  (cat  113)  after  the 
right  adrenal  had  been  excised  and  the  nerves  of  the  left  cut,  as  in  the 
ordinary  operation,  the  right  major  splanchnic  was  also  divided  after 
an  interval  of  twenty-seven  days.  Fourteen  days  after  the  second 
operation,  the  animal  being  in  excellent  condition,  the  preliminary  blood 
sample  collected  while  the  cat  was  quiet  contained  0.089  per  cent  of 
dextrose.  A  second  sample,  taken  after  the  animal  had  been  fright- 
ened by  a  dog  for  thirty-eight  minutes,  contained  0.084  per  cent.  Urine 
passed  two  to  three  minutes  after  the  end  of  the  frightening  period 
gave  a  negative  test  for  sugar.  A  third  blood  sample  obtained  after 
fifteen  minutes  of  asphyxia,  immediately  succeeding  the  period  of 
fright,  contained  0.153  per  cent.  The  asphyxia  hyperglycemia  was 
therefore  unmistakably  produced  in  this  animal  after  section  of  both 
splanchnics.  However,  our  problem  was  merely  to  determine  whether 
those  hyperglycemias  could  or  could  not  be  produced  in  the  absence 
of  epLQephrin.  If  epinephrin  is  not  necessary  for  the  marked  and 
prompt  augmentation  of  the  blood-sugar  observed  in  the  conditions 
studied,  then  the  deductions  which  have  been  drawn  as  to  the  impor- 
tance of  the  epinephrin  secretion  of  the  adrenals  in  the  mobilization  of 
sugar  can  no  longer  be  upheld. 

We  desire  to  make  it  clear  that  our  present  conclusions  concern  solely 
the  hyperglycemia  produced  by  asphyxia  and  etherization  in  cats. 
Whether  such  a  hyperglycemia  as  that  produced  by  piqtire,  in  which 
according  to  the  best  evidence  the  nervous  system  is  essentially  con- 
cerned, can  also  be  elicited  in  the  absence  of  epinephrin  we  have  not 
as  yet  sufficient  data  to  decide.  The  hypoglycemia  described  by  cer- 
tain observers  after  adrenalectomy  was  not  seen  in  our  animals.  The 
average  for  19  "normal"  or  preliminary  blood  samples  from  the  con- 
trol cats  was  0.096  per  cent,  of  dextrose.  The  average  for  19  similar 
samples  from  the  cats  which  had  been  subjected  to  the  adrenal  opera- 
tion was  the  same  (0.095  per  cent.). 

SO-CALLED   EMOTIONAL    HYPERGLYCEMIA 

A  question  which  has  been  much  discussed  and  which  cannot  very 
well  be  avoided  in  work  on  the  blood-sugar,  is  the  influence  of  emotional 
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disturbances  upon  the  sugar  content.  Some  writers  (8)  have  convinced 
themselves  that  emotional  hyperglycemia  is  so  easily  produced  in  the 
ordinary  laboratorj-  animals  that  it  is  impossible  to  obtain  "normal" 
sugar  percentages  unless  great  precautions  are  adopted  to  prevent  ex- 
citement. Others  (9)  have  found  it  difficult  to  convince  themselves 
that  a  real  emotional  hj-perglycemia  exists.  We  have  no  desire  to 
enter  into  this  question  except  insofar  as  it  arises  out  of  our  own  work. 
The  frightening  experiments  were  merely  incidental,  advantage  being 
taken,  as  already  mentioned,  of  opportunities  afforded  by  animals 
which  were  particularly  quiet  during  the  withdrawal  of  the  prelimi- 
nary blood  specimen,  t©  see  whether  any  marked  or  constant  differ- 
ence would  be  found  when  they  were  then  frightened,  usually  by  a 
barking  dog.  Since  the  adrenals  have  been  supposed  by  some  ob- 
servers to  be  concerned  also  in  the  production  of  emotional  hj-per- 
glycemia,  we  made  such  experiments  not  only  on  normal  cats  but  also 
on  cats  which  had  undergone  the  adrenal  operations.  As  will  be  seen 
from  the  results  given  in  the  protocols  and  tables,  we  have  been  unable 
to  demonstrate  in  normal  animals  any  constant  increase  in  the  per- 
centage of  sugar  in  the  blood  which  could  be  considered  as  associated 
with  emotional  excitement.  Further,  our  experiments  do  not  reveal 
any  essential  difference  between  the  results  of  emotional  excitement  on 
the  blood-sugar  in  the  normal  and  in  the  operated  cats.  We  do  not 
claim  that  our  observations  disprove  the  existence  of  a  true  emotional 
hyperglj'cemia,  but  they  do  suggest  that  if  it  exists  it  is  a  rather  infre- 
quent phenomenon,  not  to  be  elicited  at  will,  in  cats  at  least,  as  the 
asphyxia  hj'perglycemia  can  be  elicited  and  so  insignificant  in  amount 
that  very  numerous  observations  would  be  necessarj'  to  disentangle  it 
from  the  uncontrollable  variations  in  the  sugar  content. 

The  possibility  must  be  admitted  that  different  species  of  animals,  perhaps 
different  individuals  of  the  same  species,  may  vary  in  their  susceptibility  to 
emotional  excitement  in  this  regard.  If  this  were  so,  man  might  be  e.xpected  to 
be  more  susceptible  than  lower  animals.  On  the  other  hand,  great  differences 
in  the  effects  of  such  conditions  as  asphyxia  and  ether  anesthesia  would  scarcely 
be  looked  for.  However  this  may  be,  a  survey  of  the  data  in  the  literature  as 
well  as  our  own  data,  indicates  that  there  is  a  fundamental  distinction  between 
asphyxial  and  post-anesthetic  hyperglycemias,  which  are  well  established  and 
easily  verifiable,  and  "emotional  hyperglycemia,"  the  existence  of  which  is 
asserted  by  some  authors  on  the  basis  of  small  and  inconstant  differences  in  the 
blood  sugar  content,  which  other  writers  consider  to  fall  within  the  limits  of 
variation  of  the  normal.  As  regards  any  relation  between  the  epinephrin  dis- 
charge and  emotional  hyperglycemia,  even  granting  the  existence  of  the  latter, 
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our  experiments  seem  to  show  that  there  is  no  such  association.  The  so-called 
"Fesselungs"  glycosuria  and  hyperglycemia  perhaps  stand  on  a  different  foot- 
ing from  emotional  glycosuria  and  hyperglycemia;  for  there  are  several  factors 
besides  the  emotional  one  which  might  possibly  affect  the  blood-sugar  con- 
tent of  an  animal  tied  down  in  an  abnormal  position  and  struggling  to  free  itself. 
Such  data  as  have  been  incidentally  accumulated  by  us  on  this  point  seem  to  in- 
dicate a  real  increase  in  the  percentage  of  blood-sugar  when  the  animal  has 
been  kept  for  some  time  on  the  board,  whether  or  not  it  has  been  purposely 
"frightened."  However,  we  do  not  desire  to  lay  stress  on  these  observations, 
since  where  the  maximum  changes  in  the  sugar  content  are  small  large  numbers 
of  experiments  would  be  necessary  to  reach  a  safe  conclusion.  The  three  cats 
included  in  table  6  had  only  recently  come  to  the  laboratory.  If  this  cir- 
cumstance had  anything  to  do  with  the  result,  we  should  be  inclined  to  find  the 
explanation  rather  in  their  nutritive  condition  than  in  greater  susceptibility  to 
excitement  on  account  of  the  strangeness  of  their  surroundings.     For  cats  which 


TABLE  6 

NUMBEB 
OF  CAT 

DATE 

TIME    ON 
BOARD 

DEXTROSE 

REMARKS 

minutes 

per  cent 

23        1 

June  19 

3 
20 

0.178 
0.216 

Cried  during  puncture  of  vein 
Cried  during  puncture  of  vein 

.    { 

June  19 

8 

0.079 

Excited 

22 

0.135 

Excited 

.    { 

June  19 

3 

0.131 

Excited 

13 

0.164 

Excited 

were  to  all  appearance  much  more  strongly  excited,  but  were  not  kept  tied  down, 
showed  no  definite  increase  in  the  blood-sugar. 

Observations  on  animals  which  were  frightened  while  tied  on  the  board  are 
given  elsewhere  in  the  paper  (table  5).  Where  we  wished  to  study  the  effect  of 
emotional  excitement  alone,  the  animals  were  set  free  after  the  preliminary 
specimen  of  blood  had  been  obtained,  and  were  frightened  in  a  cage. 

IS  THE  OUTPUT  OF  EPINEPHRIN  INCREASED  IN  NORMAL  ANIMALS  BY 
CONDITIONS  WHICH  CAUSE  OR  HAVE  BEEN  SUPPOSED  TO  CAUSE 
HYPERGLYCEMIA? 


If  the  hyperglycemias  studied  do  not  depend  upon  epinephrui,  the 
attempts  which  have  been  made  to  show  that  the  conditions  associated 
with  the  increased  blood-sugar  content  also  are  associated  with  in- 
creased output  of  epinephrin  would,  even  if  they  were  successful,  have 
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no  bearing  upon  the  mechanism  or  significance  of  the  hyperglycemias  in 
question.  Even  if  it  were  demonstrated  that  asphyxia,  etc.,  caused  a 
marked  increase  in  the  epinephrin  output,  this  could  not  be  used  as  an 
argument  in  favor  of  the  theory  that  it  is  a  fimction  of  the  adrenals  to 
aid  in  the  mobilization  of  sugar,  once  it  was  shown  that  this  mobiliza- 
tion could  occur  all  the  same  in  the  absence  of  epinephrin.  We  have, 
however,  failed  to  demonstrate  any  definite  increase  in  the  output  of 
epinephrin  either  through  asphyxia  or  through  stimulation  of  sensory 
nerves  (10). 

As  for  emotional  disturbance,  no  method  of  satisfactorily  testing 
the  question  has  occurred  to  us.  General  anesthesia,  of  course,  cannot 
be  employed  and  the  collection  of  the  unmixed  adrenal  vein  blood  is 
therefore  impracticable.  The  method  adopted  by  Cannon  and  de  la 
Paz  could  at  most  yield  information  as  to  the  concentration  of  epineph- 
rin in  the  inferior  cava  blood.  They  do  not  seem  to  have  made  any 
assay  of  the  concentration  in  their  published  work;  but  the  concentra- 
tion alone,  unless  the  amount  of  blood  passing  the  point  of  collection  in 
a  given  time  is  known,  does  not  permit  the  rate  of  liberation  of  epi- 
nephrin to  be  calculated.  Nevertheless,  in  order  to  have  first-hand  ex- 
perience of  the  method  we  repeated  the  observations  of  Cannon  and 
de  la  Paz  in  three  cats,  imitating  in  every  particular  their  procedure, 
except  that  the  blood  specimens  were  tested  on  rabbits'  intestine  and 
uterus  segments  instead  of  cats'  intestine  strips.  Cannon  and  Hoskins 
in  their  work  on  asphyxia  and  sensory  stimulation  used  rabbits'  intes- 
tine segments  for  the  tests,  and  state  that  they  are  not  inferior  to  cats' 
intestine  strips. 

In  testing  the  bloods  we  did  not  empty  the  cylinder  when  replacing  one  liqxiid 
by  another,  as  apparently  Cannon  and  his  associates  do,  for  this  produces  a 
distortion  of  the  curve  at  the  critical  point  owing  to  the  weight  of  the  segment 
coming  on  the  lever  when  the  cylinder  is  emptied,  and  coming  off  the  lever 
when  the  new  liquid  is  introduced.  A  further  objection  to  this  method  is  that 
a  segment  which  has  been  immersed  in  a  liquid  of  given  temperature  satu- 
rated with  oxygen  is  suddenly  exposed  to  air,  and  then  again  suddenly  im- 
mersed in  another  liquid.  This  can  hardly  be  done  without  altering  the  tem- 
perature and  oxygenation  of  the  segment,  and  artificial  effects  including  inhi- 
bition may  sometimes  be  produced  in  this  way.  As  in  all  our  previous  work,  the 
contents  of  the  cylinder  were  changed  by  displacement  from  below  up,  the  new 
liquid,  previously  well  oxygenated,  being  run  in  gently  from  a  pipette  drawn 
out  to  a  fine  point,  and  the  old  liquid  overflowing  into  the  bath.  The  pointed 
end  of  the  pipette  is  bent  at  about  a  right  angle  so  that  it  is  easily  introduced 
to  the  bottom  of  the  cylinder  without  disturbing  the  preparation.  The  same 
quantity  of  liquid  is  always  introduced  when  comparative  observations  are 
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being  made,  the  pipette  being  filled  to  a  mark.  The  amount  of  admixture  with 
the  liquid  which  is  being  displaced  is  small  and  approximately  constant;  and  all 
that  is  necessary  to  eliminate  any  error  due  to  admixture,  and  to  make  the 
liquid  in  the  cylinder  precisely  the  same  as  that  in  the  stock  from  which  it  is 
taken,  is  to  run  in  a  sufficient  excess  of  the  liquid  beyond  the  amount  corre- 
sponding to  the  capacity  of  the  cylinder.  The  curve  is  unaffected  by  the  chang- 
ing of  the  liquid  in  the  cylinder  except  insofar  as  it  produces  a  physiological 
alteration  in  the  segment.  Unless  the  point  at  which  the  change  is  made  is 
marked  on  the  tracing,  it  would  be  impossible  to  identify  it.  If  it  is  desired  to 
change  the  liquid  by  drawing  off  the  contents  of  the  cylinder,  which  would  be 
advantageous  when  it  is  necessary  to  save  them,  this  should  be  managed  so  that 
the  new  liquid  enters  the  cylinder  at  the  same  rate  as  that  at  which  the  old 
liquid  is  withdrawn. 

Cat  S5.  Condensed  protocol.  Female.  Weight,  2.475  kgm.  The  cat  was 
secured  on  a  comfortable  holder  of  the  same  kind  as  that  used  by  Cannon  for 
his  work  with  the  Roentgen  rays  on  the  movements  of  the  alimentary  canal. 
Under  local  anesthesia  with  ethyl  chloride,  the  left  femoral  vein  was  exposed. 
A  flexible  catheter  oiled  inside  and  outside  was  introduced  with  its  opening  at  a 
level  5  to  6  mm.  anterior  to  the  orifices  of  the  adrenal  veins.  The  level  of  the 
catheter  was  verified  at  the  end  of  the  experiment.  While  it  could  not  be  said 
that  the  animal  showed  no  discomfort,  the  degree  of  disturbance  during  the 
"quiet"  period  was  no  doubt  much  less  than  when  the  cat  was  frightened  by  a 
barking  dog.  Specimens  of  blood  were  obtained  through  the  catheter  with  the 
aid  of  an  aspirator,  as  follows: 

1.  While  the  cat  was  quiet. 

2.  After  IJ  minutes  excitement  by  the  dog, 

3.  After    3  minutes  excitement  by  the  dog. 

4.  After  13  minutes  excitement  by  the  dog.    The  cat  micturated. 

5.  After  15  minutes  rest  while  the  animal  was  fairly  quiet. 

The  sixth  catheter  specimen  was  obtained  with  the  catheter  inserted  so  that 
its  orifice  was  about  8  cm.  below  the  adrenals.  This  specimen  was  taken  fifteen 
minutes  after  the  fifth  catheter  specimen.  A  sample  of  blood  was  then  obtained 
from  the  femoral  vein  through  a  cannula,  and  another  sample  from  the  carotid 
artery.  The  bloods  were  defibrinated  and  tested  on  rabbit  intestine  and  uterus 
segments.    Combined  weight  of  adrenals,  0.38  gram. 

Figures  13  to  15  show  some  of  the  tracings.  Those  in  figure  13  afford 
no  evidence  that  blood  collected  at  the  level  of  the  adrenals  during 
excitement  caused  any  inhibition  of  the  rabbit  intestine  segment  when 
it  displaced  blood  collected  at  the  same  level  with  the  animal  quiet. 
The  bloods  were  tried  both  undiluted  (observation  2)  and  dQuted  with 
Ringer's  solution  (observation  27).  In  figure  14,  blood  from  the 
same  level  obtained  after  a  period  of  great  excitement,  dm-ing  which 
the  animal  micturated,  was  caused  to  displace  blood  obtained  while  the 
animal  was  quiet  (observation  8).  Instead  of  inhibition  there  was  a 
further  increase  of  tone.     This  was  not  due  to  the  so-called  "sthenic" 
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effect  of  a  small  concentration  of  epi- 
nephrin,  for  a  similar  increase  of  tone 
was  seen  when  the  "quiet"  specimen 
replaced  the  "excited"  specimen  (ob- 
servation 10).  In  figure  15,  blood 
collected  during  excitement  from  the 
adrenal  level  produced  also  some  in- 
crease of  tone  instead  of  inhibition 
when  it  replaced  indifferent  venous 
blood  from  the  lower  part  of  the  inferior 
cava  (observation  48) .  The  effect  was 
not  essentially  different  from  that 
caused  by  blood  collected  from  the  ad- 
renal level  after  a  period  of  quiet  when 
it  replaced  blood  previously  dra^n  dur- 
ing excitement  (observation  46).  The 
result  of  this  experiment,  then,  was 
negative,  the  adrenal  vein  blood,  which 
doubtless  contained  epinephrin,  being 
too  much  diluted  by  the  general  mass 
of  epinephrin-free  blood  in  the  cava  to 
yield  reactions  with  the  intestine  seg- 
ments (10),  (11),  (12). 

It  is  surprising  how  little  account  has 
been  taken  by  many  writers  on  this  sub- 
ject of  the  great  dilution  which  any  epineph- 
rin liberated  from  the  adrenals  must  undergo 
before  it  reaches  the  systemic  capillaries 
and  veins,  apart  from  loss  due  to  its  oxida- 
tion or  removal.  A  little  reflection  on  this 
point  would  have  made  the  concentrations 
of  epinephrin  sometimes  alleged  to  have 
been  found  iji  venous  blood  incredible,  be- 
cause the}'  would  involve  incredible  con- 
centrations in  the  blood  leaving  the  adre- 
nals. In  a  quite  recent  paper,  e.g.,  Herring 
(13)  quotes  A.  Fraenkel  (14)  and  Broking 
and  Trendelenburg  (15)  as  having  shown 
that  in  Graves'  disease  the  epinephrin  con- 
tent of  the  blood  obtained  from  an  arm  vein 
is  increased,  as  compared  with  the  normal 
blood.    Now  Fraenkel  reports  that  he  found 


Fig.  13.  Intestine  tracings. 
Bloods  collected  by  catheter 
from  cat  25.  At  /  Ringer's  solu- 
tion was  replaced  by  the  first 
catheter  specimen,  from  the  level 
of  the  adrenals,  collected  while 
the  cat  was  quiet,  and  this  at  t 
was  replaced  by  the  second  cathe- 
ter specimen  collected  at  the 
same  level  after  one  and  one- 
half  minutes  of  excitement. 
Both  bloods  were  undiluted. 
At  26  Ringer  was  replaced  by  the 
first  catheter  .specimen  (quiet) 
and  this  at  27  by  the  third  cathe- 
ter specimen,  collected  after 
three  minutes  of  excitement. 
Both  bloods  were  diluted  with 
four  volumes  Ringer.  (Reduced 
to  two-ihirds.) 


Fig.  14.  Intestine  tracings.  Bloods  from  same  cat  used  in  figure  13.  At  7 
Ringer's  solution  was  replaced  by  the  first  catheter  specimen  (quiet),  and  this 
at  8  by  the  fourth  catheter  specimen  collected  at  the  adrenal  level  after  thirteen 
minutes  of  great  excitement.  At  9  Ringer  was  replaced  by  the  fourth  catheter 
specimen,  and  this  at  10  by  the  first  catheter  specimen.  (Reduced  to  two- 
thirds.) 


Fig.  15.  Intestine  tracings.  Bloods  from  same  cat  as  in  figures  13  and  14. 
At  45  Ringer  was  replaced  by  the  fourth  catheter  specimen  (excitement)  and  this 
at  46  by  the  fifth  catheter  specimen  (collected  without  excitement).  At  47 
Ringer  was  replaced  by  blood  from  the  lower  part  of  the  inferior  vena  cava, 
and  this  at  48  by  catheter  blood  collected  at  the  adrenal  level  after  ten  minutes 
excitement.     (Reduced  to  two-thirds.) 
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in  a  case  of  Graves'  disease  a  concentration  of  1 :  400,000  in  the  venous  blood. 
How  can  a  statement  of  this  sort,  which  according  to  the  best  available  evi- 
dence would  imply  a  concentration  in  the  adrenal  vein  blood  of  probably  at 
least  1 :  1000  or  1 :  2000  be  seriously  accepted?  In  cats  under  experimental 
conditions  which  are  widely  believed  to  increase  the  output  of  epinephrin, 
a  concentration  of  more  than  1 :  1,000,000  is  rarely  seen  in  the  blood  coming 
from  the  adrenals.  In  this  connection  it  must  be  remembered  that  although 
some  of  the  blood  which  passes  through  the  adrenal  cortex  may  come  into 
relation  with  the  cells  of  the  medulla  before  issuing  from  the  gland,  it  will 
be  safe  to  assume  that  the  amoimt  of  blood  which  can  have  effective  inter- 
change with  the  medulla  is  only  a  fraction  of  the  total  adrenal  blood  flow.  The 
concentration  of  epinephrin  in  the  blood  of  the  medullary  sinusoids  must  there- 
fore be  higher,  perhaps  much  higher,  than  that  in  the  blood  of  the  adrenal  veins. 
Trendelenburg  (16)  has  since  come  to  the  conclusion  that  the  method  of  Laewen 
(frog  perfusion),  as  he  applied  it  in  his  earlier  work,  is  unreliable  because  of  the 
rapid  development  of  pressor  substances  in  shed  blood,  and  he  does  not  now  be- 
lieve that  the  arterial  blood  (in  rabbits)  can  contain  even  1:  1,000,000,000  or 
1:2,000,000,000  epinephrin.  Fraenkel  states  that  he  was  able  to  detect  epi- 
nephrin (1:20,000,000  or  more)  in  all  specimens  of  normal  human  blood! 
Fraenkel's  data  are  absolutely  worthless,  as  he  ignored  the  fact  that  it  was  the 
serum  and  not  epinephrin  in  it,  which  produced  the  effects  on  the  rabbit  uterus 
segments,  which  he  relied  upon  for  estimating  epinephrin.  When  rabbit  intes- 
tine segments  were  employed  to  check  the  results  obtained  on  uterus  segments, 
no  epinephrin  was  detected  in  the  venous  blood  either  of  normal  men  (17)  or 
of  patients  suffering  from  various  diseases,  including  Graves'  disease  (18). 

The  result  of  the  other  two  experiments  on  emotional  excitement 
(cats  4  and  5)  was  the  same  as  in  the  first  experiment. 

Cat  4-  Condensed  protocol.  Female.  Weight,  2.0  kgm.  The  procedure 
was  the  same  in  cat  25.     Bloods  were  obtained  from  a  catheter  as  follows: 

1.  From  adrenal  level  while  cat  was  quiet. 

2.  From  adrenal  level  after  ten  minutes  of  intense  excitement  (by  d(^). 

3.  With  orifice  of  catheter  withdrawn  7  to  8  cm.,  in  lower  part  of  cava. 
Then  obtained  blood  from  the  femoral  artery  through  a  cannula.    As  in  the 

other  experiments,  the  catheter  was  removed,  cleaned  and  again  oiled  before 
collection  of  each  specimen. 

In  this  experiment  some  of  the  blood  tests  on  the  intestine  segments 
were  carried  out  in  the  usual  way.  Figure  16  shows  that  the  "excited" 
blood  did  not  cause  any  definite  inhibition  when  it  replaced  "quiet" 
blood.  For  the  sake  of  comparison,  in  other  tests,  the  cylinder  was 
emptied  when  a  change  of  Uquid  was  made  (fig.  17).  The  apparent  in- 
crease of  tone  in  the  segment  at  P  is  partly  due  to  the  mechanical  effect 
of  its  weight  coming  on  the  lever  when  the  Ringer's  solution  was  re- 
moved.    The  same  is  true  of  the  rise  of  the  curve  at  11,  when  the 
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"quiet"  blood  was  with<ira\\Ti.  The  drop  in  the  curve  at  12  when  the 
"excited"  blood  was  introduced  is  likewise  a  purely  mechanical  effect, 
due  to  floating  up  of  the  segment.  There  is  no  inhibition.  At  13  the 
blood  was  removed  and  the  weight  of  the  segmeht  carried  up  the  writ- 
ing point.  The  drop  at  14,  when  Ringer's  solution  was  introduced 
into  the  cylinder,  is  quite  decided,  since  not  only  was  the  segment 
floated  up  (mechanical  effect),  but  the  iucrease  of  tone  was  removed  by 
the  washing  out  of  the  blood  by  the  Ringer's  solution.  There  is  no 
possibility  of  confounding  the  drop  at  12  with  a  genuine  inhibition,  at 
least  when  the  record  begins  with  the  segment  initially  beating  in 
Ringer's  solution,  and  not  after  blood  has  been  applied  to  it,  for  the 
curve  just  regains  the  level  it  started  with  at  11.  At  14  also  there  is 
no  inhibition,  the  segment  coming  back  to  the  same  length  which  it  had 
before  9. 

The  third  experiment,  on  a  female  cat,  was  performed  precisely  like 
that  on  cat  4  and  yielded  a  similar  result. 

SUMMARY 

1.  The  relation  of  the  epinephria  secretion  of  the  adrenals  to  experi- 
mental hyperglycemias  can  be  investigated  under  much  better  condi- 
tions in  animals  whose  epinephrin  output  has  been  abolished  or  greatly 
reduced  by  removal  of  one  adrenal  and  section  of  the  nerves  of  the 
other,  than  in  animals  deprived  of  both  adrenals.  For  in  the  first  case 
the  animals,  after  recovery  from  the  operation,  remain  indefinitely  in 
good  health,  whereas  after  total  adrenalectomy  observations  on  the 
blood-sugar  are  complicated  by  the  fact  that  they  must  be  made:  a, 
practically  on  dying  animals  (unless  survivors  in  species  where  acces- 
sory adrenals  are  common  are  employed)  and  h,  on  animals  suffering 
from  the  immediate  effects  of  a  major  operation  and  anesthetization. 

2.  The  hyperglycemia  associated  with  asphyxia  and  ether  anesthesia 
is  obtained  in  cats  which  have  undergone  the  adrenal  operation  de- 
scribed, even  when  no  detectable  residual  liberation  of  epinephrin  is 
present.  No  essential  difference  could  be  made  out  in  this  regard  be- 
tween these  animals  and  control  normal  cats. 

3.  Accordingly,  the  mobilization  of  sugar,  of  which  these  experimental 
hyperglycemias  are  the  expression,  is  not  mediated  through  the  epi- 
nephrin secretion  of  the  adrenals. 

4.  Such  observations  as  we  have  made  on  the  effect  of  fright  do  not 
support  the  view  that  so-called  emotional  hyperglycemia  is  a  constant 
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Fig.  16.  Intestine  tracings.  Bloods  from  cat  4.  At  4  Ringer's  solution  was 
replaced  by  the  first  catheter  specimen  obtained  from  the  adrenal  level  while 
the  cat  was  quiet.  At  5,  this  was  replaced  by  the  second  catheter  specimen  from 
the  same  level  after  the  cat  had  been  excited  for  ten  minutes.  (Reduced  to 
one-half.) 


Fig.  17.  Intestine  tracings.  Bloods  from  the  same  cat  used  for  figure  16. 
At  9  the  Ringer's  solution  was  removed  from  the  cylinder;  at  10  the  first  cathe- 
ter specimen  of  blood  (quiet)  was  introduced;  at  11  the  blood  was  removed; 
at  12  the  second  catheter  specimen  (excitement)  was  introduced;  at  13  the  blood 
was  removed;  at  14  Ringer's  solution  was  introduced;  at  15,  the  Ringer's  solu- 
tion in  the  cylinder  was  displaced  by  the  introduction  of  Ringer's  solution 
from  a  fine  pipette,  with  its  orifice  at  the  bottom  of  the  cylinder.  (Reduced  to 
one-half.) 
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or  even  a  common  phenomenon  in  cats.  If  it  exists,  it  does  not  de- 
pend upon  an  increase  in  the  epinephrin  liberated  from  the  adrenals. 
For  a,  no  essential  difference  could  be  detected  between  the  results  of 
emotional  disturbance  on  the  blood-sugar  content  in  the  cats  whose 
epinephrin  output  had  been  interfered  with,  and  in  the  control  normal 
cats;  6,  no  evidence  was  obtained  that  emotional  disturbance  increases 
the  output  of  epinephrin  in  normal  cats. 
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It  has  been  shown  by  Morse  (1)  and  confirmed  by  us  (2)  that 
artificially  iodized  blood  serum  (lodalbin,  Parke,  Davis  and 
Company),  when  fed  to  tadpoles,  causes  acceleration  of  met- 
amorphosis similar  to  the  efifects  of  feeding  with  desiccated 
thyroid,  although  not  as  rapidly  nor  as  marked,  in  comparison 
with  the  amounts  of  iodine  present.  We  have  attempted  to 
determine  whether  such  activity  can  be  demonstrated  after  arti- 
ficial iodization  of  the  component  protein  fractions  of  blood 
serum  obtained  by  the  crude  albumen-globulin  separation 
resulting  from  salting  the  serum  \nth  ammonium  sulphate, 
and  also  if  proteins  other  than  those  represented  by  blood  serum 
showed  this  activity  when-  iodized.  In  addition,  we  have  in- 
vestigated whether  such  acti\dty  can  be  increased  by  concentra- 
tion of  the  products,  by  the  method  of  alkaline  hydrolysis  em- 
ployed by  Kendall  (3)  in  concentrating  the  active  principle  of 
the  thyroid. 

Employing  the  method  described  by  Kurajeff  (4)  we  have 
artificially  iodized  whole  ox  senrni,  ox  serum  globuhn  (obtained 
by  half-saturation  of  the  serum  with  ammonium  sulphate), 
ox  serum  albumen  (obtained  by  saturating  the  filtrate  of  the 
globulin  with  ammoniima  sulphate),  Merk's  egg  albumen  and 
egg  white  (obtained  from  fresh  eggs).  We  also  used  commercial 
iodized  blood  protein  (lodalbin)  and  lodocasein  (Mulford). 
From  all  of  these  iodized  proteins  we  also  prepared  products 
*'A"  (Kendall)  by  alkaline  hydrolysis. 
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The  iodine  contents  of  these  preparations  are  given  in  table 

I.  The  artificially  iodized  proteins  and  their  products  "A" 
show  wide  variations  in  their  iodine  contents.  No  particular 
significance  is  attached  to  these  differences,  since  no  attempt 
was  made  to  completely  remove  the  free  iodine. 

The  plan  of  feeding  was  the  same  as  described  in  our  previous 
work,  in  which  the  tadpole  reaction  was  employed.  All  ex- 
periments were  carried  out  in  duphcate.  The  tadpoles  re- 
ceived liver  every  other  day  and  a  dose  of  the  substance  to  be 
tested  on  the  alternating  days.  The  tap  water  in  the  dishes 
was  changed  twice  daily. 

Each  of  the  iodized  proteins  was  offered  in  doses  of  1,  2  and 
5  mgm.  and  their  products  ''A"  in  doses  of  0.5,  1  and  2  mgm. 

Product  "A"  of  fat-free  hog  thyroid  was  fed  to  one  set  of 
tadpoles  and  the  activity  observed  for  comparison  with  the 
other  preparations.  This  product,  as  well  as  the  desiccated 
thyroid  from  which  it  was  obtained,  had  been  used  in  our  pre- 
vious investigations  and  our  familiarity  with  its  activity  led 
us  to  employ  it  for  comparison  with  these  substances. 

Two  series  were  studied,  one  on  young  tadpoles  (started  May 
28  and  about  twelve  days  old)  and  another  on  older  ones  (start- 
ed June  20  and  about  twenty-five  days  old).  We  have  pre- 
viously pointed  out  that  the  most  reliable  results  are  obtained 
with  older  tadpoles  (2  and  5).  The  results  obtained  are  given 
in  condensed  form  in  table  1.  Our  chief  desire  in  the  present 
investigations  being  to  ascertain  whether  any  of  the  prepara- 
tions demonstrate  a  distinct  action,  we  have  made  no  attempt 
to  determine  their  quantitative  activities,  and  the  results  in 
the  table  represent  the  composite  activity  of  all  doses  adminis- 
tered.    Very  marked  activity  is  indicated  by  I,  marked  activity 

II,  moderate  III,  weak  IV,  very  weak  V,  doubtful  VI,  and  nor- 
mal growth  (as  shown  by  the  controls)  VII. 

A  striking  difference  between  the  iodized  proteins  and  thyroid 
was  indicated  from  the  results  obtained  by  feeding  their  prod- 
ucts ''A"  to  tadpoles.  AlkaHne  hydrolysis  of  the  thyroid 
always  concentrates  the  active  iodine  yielding  the  very  active 
product  "A"  while  with  the  iodized  proteins  it  is  apparent  that 
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the  process  of  hydrolysis  disrupted  the  active  iodine  combina- 
tion, so  that  the  resulting  product  "A"  gave  practically  no 
effect.  This  leads  to  the  conclusion  that  the  iodine  complex 
in  thjToid,  being  in  a  much  more  stable  combination,  is  not 
identical  with  that  of  the  iodized  proteins.  The  very  sUght 
activity,  observed  in  a  few  instances,  of  the  products  "A"  can 
be  explained  by  the  fact  that  the  crude  process  of  hydrolysis 
may  have  been  more  or  less  incomplete  with  some  of  the  prep- 
arations, and  the  separation  of  the  product  "A"  from  the  iodized 

TABLE  1 


IODIZED    PROTEIN' 


Iodized  ox  serum  . . .  . 
Iodized  ox  globulin . . 
Iodized  ox  albumen. . 
lodalbin       (Parke, 

Davis  &  Co.)* 

lodocasein      (Mul- 

ford) 

Iodized  egg  albumen 

(Merk) 

Iodized   fresh  egg 

white 

Fat  free  hog  thyroid. 
Controls 


IODINE 
CONTENT 

ACTIVITY 
SERIES    1 

ACTIVITY 
SERIES  2 

IODINE  CON- 
TENT OF 
PRODUCT 

"a" 

ACTTVTTT  OF 
PRODUCT 

"a" 

SERIES  1 

per  cent 

per  cent 

11.69 

III-IV 

II-III 

6.15 

IV 

20.3 

II-III 

I-II 

20.3 

VI 

20.3 

IIl-IV 

III 

17.53 

V-VI 

21.5 

IV 

IV 

6.15 

V 

18.0 

IV 

III-IV 

6.76 

V 

12.3 

v 

IV-V 

12.92 

VI 

11.69 

v 

III-IV 

14.15 

VI 

0.21 

1  02 

I 

VII 

VII 

VII 

ACTIVITY  OF 
PRODUCT 

"a" 

SERIES  2 

V-VI 
VI 
VI 

V-VI 

V-VI 

V-VI 

V-\'I 

I 

VII 


*  Activity  was  distinctly  lower  than  a  specimen  used  in  another  series  of 
experiments. 

protein  also  being  crude,  the  product  may  contain  a  small 
quantity  of  the  material  from  which  it  is  derived,  which  is  still 
unchanged. 

The  iodized  egg  protein  caused  a  very  little  effect,  that  pre- 
pared from  fresh  egg  white  being  somewhat  more  active  than 
the  preparation  made  from  commercial  egg  albumen  (Merk's). 

Casein  being  an  isolated  protein,  it  is  of  interest  to  note  that 
when  iodized  (lodocasein)  it  is  capable  of  showing  activity  on 
tadpoles.  This  is  in  harmony  with  the  accepted  view  that  the 
active  iodine  complex  of  the  thyroid  is  in  combination  with. 
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tyrosine  or  tryptophane,  casein  being  relatively  rich  in  both  these 
amino  acids  (tyrosine  4.5  per  cent  and  tryptophane  1.5  per 
cent),  to  which  its  activity  when  iodized  may  be  due.  In  this 
regard  it  is  interesting  to  note  that  egg  albumen  is  relatively 
poorer  in  tyrosine  (1.1  per  cent)  than  either  casein,  serum- 
albumen  (2.1  per  cent),  or  serum-globulin  (2.5  per  cent). 

In  these  experiments,  we  found  lodalbin  to  show  distinct 
activity,  but  much  less  than  another  specimen  of  lodalbin 
showed  in  another  set  of  experiments.  This  product  showed 
distinctly  less  activity  on  the  tadpoles  than  the  iodized  blood 
proteins  prepared  by  us,  while  the  specimen  used  in  our  other 
set  of  experiments  was  fully  as  active.  This  can  possibly  be 
explained  on  the  supposition,  that  different  specimens  of  blood 
vary  in  their  contents  of  the  necessary  nucleus  with  which  the 
iodine  must  combine. 

It  appears  from  the  results  obtained  by  us  with  the  tadpole 
reaction,  that  this  nucleus  is  most  abundant  in  the  globuhn 
fraction  of  the  blood  serum.  It  will  be  seen  that  the  greatest 
activity  displayed  by  any  of  the  artificially  iodized  proteins 
was  shown  by  the  serum  globulin.  The  albumen  fraction  was 
somewhat  less  active  than  the  whole  serum.  Allowing  for  the 
crudeness  of  the  separation,  the  indications  are  that  the  globu- 
lin fraction  represents  most  of  the  activity  represented  by  iodiz- 
ed blood  serum.  The  fact  that  different  sera  when  iodized 
show  differences  in  activities  also  indicates  that  the  amount  of 
the  necessary  nucleus  present  varies  in  the  different  bloods. 

The  striking  activity  exhibited  by  the  iodized  ox  serum  globu- 
lin is  a  very  interesting  observation,  in  as  much  as  the  active 
iodine  of  the  thyroid  is  known  to  be  in  combination  with  the 
thyroid  globulin.  It  is  indeed  possible  that  in  the  animal 
organism,  iodine  is  carried  to  the  thyroid  in  combination  with 
the  serum  globulin  and  is  then  converted  into  the  thyroid  hor- 
mone by  further  action  contributed  by  something  (probably 
an  enzyme)  in  the  thyroid.  The  probabihty  of  this  hypothesis 
is  strengthened  by  the  fact  that  no  activity  can  be  ehcited  from 
hyperplastic  thyroids  or  their  concentrated  product  ''A"  when 
artificially  iodized  (2)  and  also  by  the  fact  that  alkaline  hy- 
drolysis destroys  the  activity  of  iodized  serum  globulin,  therein 
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differing  from  the  acth-ity  of  the  thyroid,  which  may  indicate 
that  the  globuhn  of  the  blood  contains  the  necessary  nucleus 
(amino  acid  groups)  wdth  which  the  iodine  must  combine,  and 
the  thyroid  supplies  the  activating  substance  (enzyme?)  both 
of  which  must  come  into  contact  with  each  other  to  complete 
the  stable  iodine  combination  or  hormone  which  is  active  in 
the  thyroid  and  is  concentrated  by  alkaline  hydrolysis.  More 
information  on  this  point  might  be  revealed  by  investigating 
the  acti\ity  of  iodized  sera  obtained  from  goiterous  animals 
and  from  thyroidectomized  animals,  which  we  had  hoped  to 
study  in  the  near  future,  but  owing  to  the  fact  that  one  of  us 
(Dr.  Marine)  has  been  assigned  to  military  duty,  the  progress 
of  this  investigation  has  been  interrupted  and  we  have  deemed 
it  ad\'isable  to  report  the  results  obtained  by  us  up  to  the 
present. 

SUMMARY 

1.  Artificially  iodized  blood  serum  (ox)  causes  acceleration 
of  metamorphosis  when  fed  to  tadpoles,  resembling  that  shown 
by  thyroid,  but  not  so  marked  nor  so  rapid. 

2.  It  is  possible  to  show  by  crude  process  of  separation  that 
the  globulin  fraction  of  the  serum  contains  most  of  the  substance 
with  which  the  iodine  combines  to  give  the  activity  on  tadpoles. 

3.  AlkaUne  hydrolysis  of  iodized  proteins  apparently  destroys 
their  activity,  therein  differing  from  thyroid.  This  suggests 
that  the  thyroid  adds  something  to  the  iodine  complex  in  the 
blood  to  complete  the  stable  iodine  containing  thyroid  hormone. 
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